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ABSTRACT

This report presents procedures and exposure criteria for selecting 50,
monitoring sites. General monitoring Program elements and data uses are first
reviewed and summarized; from this summary a list of specific siting objectives
is developed. Site selection procedures were then prepared for specific site
types each of which was associated with either a grouplng of siting objectives
or with an individual objective.

Because of the variety of SOz siting objectives, the averaging times asso-
ciated with the air gquality standards, the physical environments in which sites
could be located, .and spatial scales of representativeness, an S0O; monitoring
"universe" was first constructed fram which the final list of monitoring site
types and associated site selection procedures was developed.

Detailed procedures are provided for selecting sites to measure regional
mean concentrations, interregional SO; transport, representative concentrations
for areas of various sizes, peak concentrationg in urban areas, and emergancy
episode levels. Procedures for selecting sites to monitor impacts from iso-
lated point sources in a variety of physical settings including valleyvs and
coastal areas are also provided. A general guideline for locating sites in
mountainous terrain is included. Recommendations for inlet height and erien-
tation, and for minimizing undue influence from nearby sources are presented.

The rationale behind the various procedures and other support documentaticn is
given.

Sources ¢f special information and data relevant to selecting specific
Sites and guidelines for determining locations of sites for satisfying speci-
fic objectives are provided in a series of appendices. A bibliography, con-
veniently arranged according to specific subject areas, is included.
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SUMMARY

Studies (e.g., Yamada, 1970; and Jutze and Tabor, 1953) show that little
consistency exists among monitoring site locations, their surrounding physical
environments, and the uses for which the data are intended. This report was
prepared to provide a means for achieving such consistency, for 05 monitoring,
by establishing a logical procedure by which various data uses can be related
to opti um site locations and instrument inlet exposures. The physical charac-

teristics of the area surrounding the site were also considered in developing
the relationships.

To give a national perspective to SO; emission patterns and problems, in
the northern areas the residential space-heating and power plant emission cate-~
gories are the largest. In the south, emissions from transportation, power
plants, and industriazl processes dominate; while in the west the industrial
Process emission category is the largest. Over the entire nation, S0 problems
can range in complexity from single source impacts over flat terrain to impacts

from multi-source urban-industrial complexes located in complex terrain set-
tings. '

There are twelve major uses for which S0, data are required.
1) Judging attainment of S0 NAAQS.

2) Evaluating progress in achieving/maintaining the NAAQS or
’ state/local standards.

3) Developing or revising state implementation plans (SIPs)
to attain/maintain NAAQS; evaluating control strategies.

4) Reviewing new sources.

5) Establishing baseline air guality levels for preventing
significant deterioration (PSD) and for air quality main-
tenance planning (AQMP).

€) Developing or revising national 504 control policies [e.g.,
new source performance standards (NSPS), tall stacks, sup-
plementary control systems (SCS)].

7) Providing data for model development and validation.

8) Providing data to implement the provisions of the Energy Supply
and Environmental Coordinatiom Act (ESECA) of 1974,



9) Supporting enforcement actions.
10) Documenting episodes and initiating episcde controls.
11) Documenting population exposure and health research.

12) Providing information to:
a) public - air pollution indices; and
b) ‘city/regicnal planners, air quality policy/decision
makers - for activities related to programs such as
air gquality maintenance plapning (AQMP), prevention
of significant deterioration (PSD) and the prepara-
tion of envirommental impact statements.

The above uses of SO5 data were determined from a literature survey. For the
most part, they are broadly program oriented and constitute all of the meonitor-
ing requirements that are necessary to successfully implement those federal and
state clean air policies that require the use of SOz ambient monitoring data.

The broad program orientation of the above uses made it very difficult to
associate each with a specific monitoring site selection procedure. ‘To obviate
this problem, a list of specific monitor s$iting objectives was developed (also,
mainly via literature survey) to provide a link between an intended use of the
data and a specific site selection procedure. The siting objectives are couched
in terms more reflective of the means by which the appropriate data will be ob-
tained rather than in terms having a broad program connotation. The siting ob-
jectives and associated data uses are listed below.

® Determination of peak concentrations in urban areas
- major data uses: 1, 2, and 3.
- other data uses: B8, 9, and 12.

® Determination of the impact of individual point sources in multi-source
urban settings
.~ major data uses: 3, 4, 6, B, and 9.
- other data uses: 12,

® Determination of the impact of isolated point sources
- major data uses: 3, 4, 6, 8, and 9.
- other data uses: 5 and 12,

® Assessment of Interregional S0, Transport
- major data uses: 2, 3, 5, and l2.

® Determination of base concentrations in areas of projected growth
- major data uses: 5 and 12.

® Initiation of Emergency Episode Abatement Actions
-— major data uses: 10 and 12.

® Determination of Population Exposure
- major data uses: 1l and 12.
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® Assessment of Background Concentrations in Rural Areas
- major data uses: 5 and 12,
= other data uses: 2 and 3.

® Diffusion Model Calibration and Refinement*
- major data use: 7.

Each of the above siting objectives can be associated with a spatial scale.
For example, a regional mean concentration is meant to represent conditions over
a large area while the peak concentraticn zeone in an urban area may be repre-
sented by a spatial scale no more than about a city block or so, in size. The
spatial scales of interest in SO; monitoring (and, perhaps, other pollutants as
well) can be classified as follows: '

® Microscale. Ambient air volumes with dimensions ranging from
meters up to about 100 meters are associated with this scale.

® Middle Scale. This scale represents dimensions of the order
from about 100 meters to 0.5 kilcmeters and characterizes areas
up to several city blocks in size.

® Neighborhood Scale. Neighborhood-scale measurements would
characterize conditions over areas with dimensions in the 0.5
to 4.0 kilometexr range.

® Urban Scale. Urban-scale measurements would be made to repre-

sent conditions over areas with dimensions on the order of 4
to 50 kilometers.

® Regicnal Scale. Ceonditions ¢ver areas with dimensions of as
much as hundreds of kilometers would be represented by regional-
scale measurements. These measurements would be applicable

mainly to large homogeneous areas, particularly those which are
sparsely populated.

® Natiocnal and Global Scales. These measurement scales represent

concentrations characterizing the nation and the globe as a
whole.

Urban scale conditions would, in general, reguire more than a single monitoring
site to characterize them. For this reason, monitoring sites established for
measuring concentrations representing volumes of this scale were not addressed
in this report. Natjional and global scale measurements are not of sufficient
interest to state and local agencies to justify specific treatment. The re-
maining scales are relevant to S09 monitoring.

Since it is difficult to anticipate the monitoring requirements of diffusion
meodel calibration and refinement projects, and impossible to generalize re-—
lated siting guidelines, an attempt to do so was considered beyond the scope
of the objectives of routine monitoring which this report addresses.
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In SO, monitoring, a distinction must be made hetween the spatial scale
desired to be represented by a single measurement and the scale actually re-
presented by that measurement. The former is a functicn only of the intended
use of the data and associated siting objective while the latter is a function
mainly of the horizontal concentration gradient prevailing around the site.
For long averaging times, urban concentrations generally decrease outward from
maxima near the center with steep concentration gradients prevailing over the
central portions of a city, while in the outer portions (adjacent suburbs and
rural areas) the gradients would be moderate to flat. Therefore, over the
central portion of the city, middle and neighborhood spatial scales would be
those most likely to be represented by single measurements; similarly, single

measureménts would represent neighborhood scales in suburban areas and region-
al scales in rural areas.

S07 monitoring sites may be classified as either proximate or general
‘level. Proximate sites are oriented toward measuring concentrations resulting
from a specific source or group of sources; general level sites are associated
with measurements of total concentrations where contributions from an individ-
ual source or a group of sources are either not reguired to be known or do not
predominate. Generally, siting objectives (and associated monitoring sites)
are either "pattern" oriemted, such as sites established to measure urban peak
concentrations, or they are associated with specified geographical areas such
as areas of projected growth or locations of specific population groups.

S0, measurements should, depending on the specific siting objective and
related data use, represent 3-hour, 24-hour and annual averaging times, which
are those of the National Ambient Air Quality Standards for S03.

All of the above parameters regarding spatial scales, siting objectives,
averaging times, etc. when combined with basic land use .types and topographi-
cal settings, represent an S0, monitoring universe. From this universe, a set
of five monitoring site types were established for which site selection pro-
cedures were developed.

t. General-Level, Regional-Scale Stations

a. General site location: located in areas of flat concentration

gradients and low emission densities; usually homogeneously
rural settings. .

b, Siting objectives and related data uses:
& Assessment of background concentraticons in rural areas
- major data uses: 5 and 12.
- other data uses: 2 and 3.
® Assessment of interregional S03 transport
- major data uses: 2, 3, 5, and 12.

II. General-Level, Neighborhood-Scale Stations

a. General site location: located in areas of moderate SO; background
concentration gradients, generally in areas adjacent to the central
business districts (CBDs) of cities and suburbs.

CONTINUED
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b. Siting objectives and related data uses:
e Determination of population exposure
- major data uses: 11 and 12.
e Determination of base concentrations in areas of projected growth
- major data uses: 5 and 12.
e Initiation of emergency episode abatement actions
- major data uses: 10 and 12,

III. General-~Level, Middle-Scale Stations

a. General site location:  located mainly within (BDs of cities or
industrial districts where SO2 concentrations are the highest and
concentration gradients are steepest.

b. Siting objectives and related data uses:
e Determination of peak concentrations in urban areas
- major data uses: 1, 2, and 3.
- other data uses: 8, 9, 10, and 12.

IV. Proximate, Middle-~Scale Stations

a. General site location: located in the area of the highest ground-
level concentration associated with an individual major SO> source
or group of SOy sources. Sources may be located in either urban,
suburban, or rural areas,

b. 8iting objectives and related data uses:

® Determination of the impact of individual point sources in
multi-source urban settings
- major data uses: 3, 4, 6, 8, and 9.
= other data uses: 12. )

® Determination of the impact of isolated point sources
= major data uses: 3, 4, 6, 8, and 2.
— other data uses: 5 and 12.

V. Proximate, Microscale (mobile sampling) Measurements

General Comments. Microscale measurements are obtained via mobile
sampling in regions of complex terrain and in urban areas. They
are used mainly to define certain features of the SO, pattern such
as peak concentrations associated with major point sources, par-
ticularly under atmospheric stagnation conditions, and impacts due
to plume downwash. These measurements may be used in support of

the siting objectives and related data uses associated mainly with
Site Type IV above.

Each of these site types (except V, which is associated with mobile sampling)
is associated with a basic procedural siting approach with variations from
the basic approach being functions of the individual siting objective, averag-
ing time and physical setting. The siting approaches are basically step-by-
step procedures through which a siting area is first selected, then site
choices are gradually reduced until the best choice site is selected,
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Diffusion modeling results and graphical solutions to the Gaussian diffu-~
sion equation provide the basic initial guidance for locating the monitor sit-
ing area for nearly all objectives. BAn elimination process then follows, which
is essentially a procedure for choosing a site location such that undue influ-
ences from nearby sources are eliminated or minimized. In this regard, several
"interference distances" (ID) or minimm separation distances were calculated
via Guassian diffusion equations. These IDs were determined such that the
maximum concentration resulting at the monitoring site from a single source
would be less than 2.6 ug/m3 (which is the natural S0 background level) for
sites located in rural areas,or less than.l1l0 ug/m3 (level or cleanest rural
air) for sites located in urban .or suburban areas. Different sets of IDs were.
calculated for urban, rural, and suburban diffusion conditions. Also, half-
life values for SOz of one hour and three hours were used for urban and rural
areas, respectively. The IDs are summarized in the tables below.

Source Types and Related Interference Distances*
For Regional-Scale Monitoring Stations.

Source Type . Interference Distance
Large point source (e g., a 400 MW power . 30 km
plant). .
Industrial Source (500 tons SO; per year). - 10 km
Towns (varicus size population)
50,000 22 km
25,000 . 15 km
12,500 10 km
6,000 7 km
Individual home 0.6 km

* Based on an undue influence concentration of 2.6 ug/m3>

Interference Distances for Three Development Intensities..

Intexference Distancesq
Minor Sources (MSID)b Point Sources (PSID)c
Urbhan 200 m 1,000
Suburban 100 m 2,200 m
Rurald 60 m 3,200 m

Based on undue inrluence concentration of 10.0 ug/m

Minor sources include individual office building in the urban area
(10° gal/yr #2 oil), small building in the suburban areas (10"
gal/yr) and an individual home in the rural area (103 gal/yr).

¢ Point sources include any source that uses 10° gal. of fuel oil per

year or more (see text).
d Rural settings adjacent to cities where steeper concentration gradi-
ents preclude regional scale staticns.
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It was inferred from the literature survey that the generally turbulent
and well-mixed urban atmosphere produces SO; congentrations that are essential-
ly uniform with height up to about mean building height; therefore, the exact
vertical placement of the instrument inlet below this height was not important
for averaging times of several hours or more. For guidance purpeoses, we chose
a height of 0.8 of the mean building height in the urban area below which a
site could be established. (or instrument inlet placed).

The most important elements of the siting methodologies for establishing
monitoring stations associated with each of the four major monitoring site
types are tersely summarized below. Also included are some of the desirable
physical characteristics of the site. These methodologies are described in
much more detail in the body of this report (Section 4.0).

I. General-Level, Regional~Scale Stations

a. Siting Cbjectives: To measure regional mean concentrations and
concentrations resulting from interregional transport processes.

b. Spatial Scale of Representativeness: Regional (up to 100s of km).

¢. General Site Locating Methedology: _

e Regional mean concentration measurements - site should be no
closer than 30 km from nearest city in the direction that
iz least frequently downwind.

® Interstate~urban transport stations - locate site near state
line on out-of-state urban area side.

® Interstate-general transport stations - locate site near wind-
ward state line.

e Intercity transport stations -~ locate site upwind of city in
most frequent winter wind direction (to measure SO, entering
city.

Topography should be uniform. Sites no closer than 30 km to a
power plant, 22 km to a 50,000 population town, and 0.6 km to an
individual home (see Section 4.2.1.1 for details).

4. 1Inlet Exposure Criteria: Avoid low-lying areas; choose open or
sparsely forested areas; since 507 (away fram point source) is
well-mixed in vertical, inlet height of 3-10 m above ground is
reasonable.

II. General-Level, Neighborhocd Stations

a. Siting Objectiveé: To monitor emergency episodes, to measure
exposures of specific populations to 505, and to measure base
concentrations in areas of projected growth.

b. Spatial Scale of Representativeness: Neighborhcocod (0.5-4.0 km).

c. General Site Locating Methodology:
® Emergency episode stations --locate site near center of emission
maxima of city. (Since models are unreliable in near zZero
wind, scme verification via mobile sampling may be required.
¢ Population exposure stations - general location from pop. maps.
® Projected growth stations - general location from land use maps.

CONTINUED
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ITI.

Iv.

Concentration gradient (from modeling) determines number of sta-
tions required and whether middle-scale siting procedures are to
be used (see text, Section 4.3.2). Sites should be no closer than
interference distance (ID) to specific sources in upwind direction
(see Table 4-4).

Inlet Expsosure Criteria:

® Emergency episcde stations - locate instrument inlet no higher
than about 80% of the mean building height in local area, away
from dusty areas (as a general rule) and between 1-2 m above
the roof (see Table 4-3 for additional criteria). .

® Population exposure/projected growth sites - additional criteria
include locating inlet on windward side of building, 1-2 m out
from building for non-rooftop locations. .

® All sites - no significant S0, emission points on roof (szee
Table 4-5), 1In suburban areas, choose building of low height,
Preferably one story,

General-Level, Middle-Scale Stations '

a.

b.

Siting Objectives:

¢ Major objective = to measure peak concentrations in urban areas.

¢ Secondary cbjective - to measure exposure of specific popula-
tions to SO, and determining base concentration in projected
growth areas where steep concentration gradients prevail.

Spatial Scale of Representativeness: Middle (100-~500 m).

General Site Locating Methodology: Diffusion model results in-
cluding annual and 3-hour/24-hour near "worst case" patterns pro-
vide most of the basic guidance for locating the urban peak sta-
tions. Diffusion meteorologists should be consulted regarding
exact form of model, inputs and assumptions; 100-m distance near
maximum resolving power of most models. Mobile sampling recom-
mended to confirm locations of where the 3-hour/24-hour peaks
occur and effects from downwash (see Section 4.4 for more details
of methodology). Methodology for pPopulation/growth stations is
similar to that for neighborhood stations except that IDs appro-
priate to middle scales are used (see main text).

Inlet Exposure Criteria: Exposure criteria are the same as those
for the non-episode neighborhood scale stations (see Table 4-5);
inlet height, B0% of mean building height in local area; no signi-
ficant S0, emission points on roof, Locate inlet on winter wind—
ward side of roof, If trailer site, aveid barking lots in general
and lots around which there are buildings using large amounts of
fuel o0il(to prevent undue influences due to plume downwash effects).

Proximate, Middle-Scale Stations

a.

Siting Objectives: To measure impacts from major point sources
located ‘in multi~source urban settings and impacts from isolated
point sources,

Spatial Scale of Representativeness: Middle (100-500 m) .

CONTINUED
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C. General Site Locating Methodology: Diffusion model results in-
cluding annual-and 3-hour/24-hour near "worst case" patterns pro—
vide most of the basic quidance for locating urban stations (see
Section 4.5). For isolated point source sites, use graphical
solutions to diffusion equations (see Section 4.6). Special pro-
cedures are utilized for locating sites in valleys and in near
coastline settings (see Sections 4.6.2, 4.6.3). 1In extremely
rough terrain, only general gquidance is given; major points to
consider include the following -
® In regions subject to at least occasional periods of low mixing
depths, locate monitors in basins that have inlets for SOj
source plumes.

® Site monitors at ridgetop locations in the general downwind
directiohs from the source, or perhaps at ridgetop locations
surrounding the source, particularly those nearest the source
at near effective plume height elevations.

® Site monitors in passes that may receive the plume advected
either by drainage or channeled winds.

¢ A complete survey of the entire area influenced by the S0,
source would almost certainly be required in all situations.
Visual observations, aerial photography, mobile sampling,
remote sensing, etc. would probably be the most important
means for conducting such surveys.

d. Inlet Exposure Criteria: For urban stations, the inlet exposure
criteria are shown in Table 4-5. C(Criteria for isolated point
source monitoring sites are similar to those of regional sta-
tions; exceptions are -
® The height of the inlet should be no higher than about 3-5m

above ground in all cases.
® No major fossil fuel-burning sources between source and site.
® No need to avoid wake effects of small buildings or clumps of
trees. :
In irregular/rough terrain, choose well exposed areas. Establish
monitoring site off to one side of very large obstacles.

A set of appendices are included to provide guidance for selecting back-
ground information and data appropriate to the siting objective. Information
on metearology, land use, topography, demography, diffusion models, "worst
case" meteorology and associated pollutant patterns, and mobile sampling is
included. Such information is used as an aid to identifying the general sit-
ing area then in selecting the final site location within the area.

The rationale underlying the site selection procedures are embodied in
three basic elements:

1) Determining the general location of the monitoring site,
mainly via diffusion modeling,

2) Refining the location to minimize undue influences from
nearby sources, including meteorological effects.
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3) Placing the instrument inlet in such a location to avoid

local contamination.

Multi-~source Gaussian models and graphical solutions to the Gaussian dif-
fusion equation provide the basic means of ascertaining the.general location
of the monitoring site, except in areas of extremely rough terrain. In areas
characterized by terrain of moderate roughness, and in valleys, modification
of the meteorological input to the model may be necessary. A diffusion mete=-
orolegist should be consulted in such situations to help determine the nature
of such modifications and alsc in performing the modifications. Regarding
the monitoring of the 3-hour/24-hour short-term peak concentrations in urban
areas, the simulations of the 3-hour and 24-hour near-worst case patterns are
recommended to estimate appropriate site locations. Again a diffusion mete-
orologist is recommended to be consulted to aid in determining such patterns,
as well as in judging the potential for any plume downwash effects. Some
guidance regarding the former is provided in Appendix B. Emergency episode
stations should be located in the very heart of the maximm SO, emission
density zone of an urban area; during air stagnations wind speeds are low and
directions are variable so the maximum concentration should occur where the
emission density is a maximum. Most of the impact at ground level will be
from low-level SO; sources. Appropriate site locations can best.be found by
using gridded emission inventory data with most of the weight being given to
the area source fraction of the inventory. The heat island mechanism may pro-
duce maximum concentrations near the wind inflow convergence point which also
may be located near the center of maximum SO (and heat) emission zone of the
city. This justifies considering the emergency episode station as an alterna-
tive site for measuring the 3-hour peak concentration,

The natural SO» background level as reported by Robinson and Robbins
(1970), 2.6 ug/m3, was deemed to be the undue influence level for determining
IDs in rural areas. The 1IDs were calculated via solutions to the Gaussian
diffusion equation using that concentration and the assumptions and meteoro-
logical conditions as shown in the following table.

Configurations and Emissions for Typical Source Types Assumed in
Determining Interference Distances for Regional-Scale Stations

Source Characteristic gugln‘é::: Source E";::;O" Meteorology
Type Emission Period Configuration wind Stab ity |Effective
(2) {a/seg) | _Sp Class | Ht  (m)
: Paint, uniform
Power Plant 280 = 106 gal *
(800 M) 365 days/yr 26 ol1 915 S :lzctlogv'er 22.5° 575 S5 m/sec D 300
Industrial
Winter Quarter 14 = 10% gal
18051 Sog/yr) | (DEC. JAN, FEB) | #6 of1 60.5% § Point 8 | Smwsec) D 200
Small Town
Winter Quarter 102 gal/home Area Source .
(Ba300spoRs» | (OEC, aAN, FEB) | #20il 6 0.225 | 4 mi2 10 | Tmsec| D 0
Individuai Winter Quarter 103 qal
Home (DEC, JAN, FEB) | 42 ot @ 0.2% S Paint 0016 | 1 m/sec | F 0
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With respect to the physical characteristics of the area in the immedi-

ate vicinity of the site, their effect on critical meteorological variables
and how these relate to the final site location and the placement of the in-
strument inlet, the literature survey yielded much information fram which the
following conclusions could be inferred.

Mixing produced by mechanical turbulence and wake effects of larger
obstacles over moderately rough, natural terrain averages the pollu-
tant over space which lessens the concern of exact site location and
inlet placement in rural areas.

Micro~scale urban features substantially increase mixing and promote
uniformity of pollutant levels from mid- and far-distant sources.

This mixing between source and monitoring site reduces the monltoring
site selection problem to the consideration of only near sources (less
than the interference distance). The bulk of the plume material was
assumed to be held within a 10° sector downwind of the source and a
20° sector downwind of the sources nearest to the prospective moni-
toring site.

A plume entering a building wake cavity will be rapidly mixed throughout
the cavity. The resulting volume source configuration can be approxi-
mated by considering. the source as having been released from a virtual
point source upwind of the building,

The uniform mixing principle is not absolute and cavity flows often
build, get swept away, and reform, leading to large "puff" type re-
leases.

Except for near the windward edge of a city, a vertically uniform
502 distribution up to at least the mean building height over the
area of interest in the city can be assumed. The choosing of 0.8

H (or lower) for inlet location above the ground is somewhat arbi-
trary, but was meant to insure that the instrument (or inlet) would
be placed at a point in the vertical where the measured levels would
approximate those existing near the breathing zone 5-6 feet above
the ground.

If pollutant release is known to be well within a cavity (e.g.,
emissions from a vehicle in a deep. street canyon) averaging will

not be complete and concentration fluctuations and gradients are apt
to be found within the flow. Minimum velocities and maximum concen-
trations should be found near the ground on the leeward side of the
obstacle. This is the justification for aveiding trailer locations
just downwind of buildings with large stacks. This situation is
generally precluded, however, if the interference distance criteria
are satisfied.

Pollutants from sources located downwind of a building may be emitted
into the wake cavity behind the building. The reverse flow of the
wake may advect pollutants up to the roof of the building to at

least one~half of the width of the building from the downwind edge.



This observation is the rationale for recommending that inlet place-
ment locations be on the windward side .of the building. It also
justifies the recommendation of not having S0, sources on the roof
of the building chosen for the monitoring site or inlet location.

In summary, the guidelines presented here provide a basis for selecting
monitoring sites to satisfy specific siting objectives to ensure the compati-
bility of the data obtained with the ultimate use of the data. Also, the
guidelines require specific procedures to be followed; these procedures in-
volve diffusion model analyses, consideration of the effects of natural and.
urban topography on plume-carrying winds, and nearby source effects. All of
these elements will provide a physical basis for interpreting monitoring data.
This will ensure the site selector and data user that the data reasonably re-
pPresent actual conditions over the appropriate spatial scales. This ensurance
is critical since decisions regarding control plans and strategies, which may

have severe economic impacts, are usually based on the interpretation of such
data.
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l.l GENERAL

Sulfur dioxide (S05;) is a natural constituent of the air.

1.0 INTRODUCTION

Globally, about

one-half of all SO; in the atmosphere comes from natural sources (Robinson and
These natural sources are, however, quite diffuse and lead to

Robbins, 1968).

X
X X
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0

An array of
near-ground
level 50,
sources.
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FIGURE 1-1.

steady conditions.

Concentration contours
from an array of sources with

background concentrations estimated to be
a small fraction of a part per billion
(parts of air). In contrast, the emis-
sions from anthropogenic processes are
relatively quite intense. As S0y is
dispersed in the atmosphere, its concen-
tration is reduced from noxious levels
near the sources to levels comparable to
that of S05 from natural sources. The
general nature of S0; (or any pollutant)
menitoring, then, is to measure the time
and space variability of concentrations
from the region of the source, or sources,
tc where the pollutant has become suffi- -
ciently dilute. Such measurements are
required to satisfy monitoring program
goals or data uses such as determining
population exposures and ascertaining
compliance with air quality standards.

Since the dominant anthropogénic
sources of 507 emissions are from sta=~
tionary combustion devices, the most
striking characteristic of typical 503
concentration patterns if that the con=-
centration peaks reproduce the source
patterns (see Figure 1-1), Monitoring
for the concentration maxima averaged
over any time scale may be accomplished
with great accuracy by putting an in-
strument in every chimney. Obviously,
it is of more interest to determine
time and space patterns of SO, concen-
tration away, but not too far away,
from one or more scurces, Concentra-
tions very far away from all sources
must be low; i.e., they approach the
global average, and their patterns



would contain features associated with only the longest time scales or the
broadest space scales.

In the region between "too near" and "too far" from a source, a signifi-
.cant concentration may be expected over oniy perhaps 5 percent of the area at
any one time (see Figure 1-2), because the wind comes from only one direction
at a time. This is an order of magnitude rule-of-thumb, no matter what the
minimum concentration of interest is. Any given monitor permanently placed
in hopes of defining such a region would have one chance in twenty of detect-
ing any SO, above the limit, even if all wind directions were equally likely.
Also, the varying inner and outer limits of the region, due to the varying dis-
persive power of the wind would reduce the chances further. In situations
where a given wind direction is significantly more likely than others, the
chances are significantly increased, but still not as large as one would like.
Therefore, instrument siting to monitor a single source even in an ideal en-
vironment free of micro- or meso-scale local effects such as topography, cavi-
ty wakes, or localized thermal effects is not a straightforward progedure.
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FIGURE 1-2. Instantaneous and potential regions of
significant pollution concentration
from a single source.



If many sources are near enough to each other so that their "ecircles of
concern” (see Figure 1-2) overlap, then sources relatively far from a potential
monitoring site will contribute a relatively steady "background” concentration
upon which the relatively narrow plumes from nearer sourees will be superim-
posed more randemly as they undulate past the site (see Figure 1-3). For a
widespread and reagsonably dense array of homogeneocus sources, as, for example,
in a large urban residential area, long-term mean concentrations can be deter-
mined quite accurately at any site. If the source array contains one or a few
Sources that are much larger than the rest which are relatively homogeneous,
the problem of finding the background levels is as straightforward as for the
homogeneous sources alone, but the problem of locating the peaks is as diffi-
cult as for the single source,

==~ = Limits of Plume from Nearest Source
= Plume Limits

X = Source

Monitoring Site

|

FIGURE 1-3. Superimposed plumes from multiple sources.



1.2 GEOGRAPHICAL AND SCQURCE CHARACTERISTICS OF SO, EMISSIONS

The relative importance of the variocus SO3 source categories varies geo-
graphically as shown in Table 1-1. In the colder areas of the north, exempli-
fied by the Boston Air Quality Control Region (AQCR), commercial and residen-
tial heating is the largest category with 48.6 percent of the total for that
AQCR, Farther south, the transportation, power generation, and industrial
process emission categories are dominant, as indicated by the .Atlanta AQCR
summary. In the western states, the industrial process category is the largest
with 40.1 percent and 37.6 percent of the total S07 emitted in the Denver and
Los Angeles AQCRs, respectively. Transportation sources are also very signifi-
cant in the west. In the Dallas/Fort Worth AQCR, S0O2 emissions from power
generation are very small (3 percent of the total) because of the use of rela-
tively sulfur-free natural gas. The largest category here is transportation
{43:2 percent), followed by industrial processes (23.7 percent). In Arizona
and Texas (as a whole) more than 80 percent of the 505 is emitted from smel-
ters and refineries (Cavender, et al., 1973).

TABLE 1-1+*

Sulfur Oxide Emission Inventories for the United States
and for Selected Air Quality Contreol Regions,
(NEDS Data for 1972)

- Dallas Los
United | Boston |Atlanta |$t.Louis '| Denver
Geographical Area Ft.Worth Angeles
States BAQCR AQCR AQCR AQCR AQCR AOCR
' $02 Emissions in 107 Tons/Year
Total sSulfur Oxide Emissions 32,000 332 94.7 1,234 17.3 33.5 238
Source Cagetory Percentage of Sulfur Oxide Emissions by Source Category
Stationary Source Fuel
Combustion
Electric Power Plants 54.3 41.6 70.8 76.2 3.0 34.2 16.8
Industrial 15.3 8.2 5.6 6.0 5.0 10.4 14.6
Commercial and Residential 7.1 48.6 5.7 1.9 19.8 5.3 18.8
Industrial Processes 21.1 0.5 12.3 15.3 23.7 40.7 37.6
other Stationary Sources 0.2 0.1 0.5 ag.1 5.3 0.2 1.6
Transportation Sources 2.0 1.0 5.1 0.5 43.2 9.2 10.6

* Taken from NAS (1975).

About two-thirds of SO; emissions occur in urban areas, with very large
fractions contributed by industrial, commercial, and residential heating. These
sources are also emitted near the ground which increases their ground-levei im-
pact. In rural areas, much of the S0, is emitted by a relatively small number
of large sources such as smelters. Also, about one-half of the nation's power
plants are located in rural areas. Although power plants comprise the largest

emission category, their $0, is emitted from tall stacks which reduce ground-
level impacts.




It will be seen later (in ‘Section 4.0) that the physical configuration of
the 507 source (i.e., point versus area source), whose SOp air quality impact
is to be menitored, is important in regard to specific siting procedures.
Foint sources include large individual sources such as power plants and cer-
tain industrial processes. Commercial/residential heating and transportation
categories are considered collectively as "area" sources.

1.3 SITE LOCATION STANDARDS

Most of the literature reporting air quality data and data summaries (e.q.,
EPA, 1973) emphasizes that interpretation of the data must be tempered by an
understanding of the limitations imposed by inadequacies of surveillance meth-
cdologies. These inadequacies include inconsistencies between the specific
cbjectives for which a monitoring station is established and the intended use
of the resulting data and sampling maldistributions in both a geographical and
temporal sense; these have Been brought about by non-uniform siting proce-
dures and/or a lack of an understanding of the atmospheric processes that
affect the temporal and spatial distributions of Pollutants. 7To illustrate
these points, EPA (1973a) shows maximum 24-hour 505 concentration measure-
ments within individual cities varying typically by a factor of from 5 to 10,
and in extreme cases by 100 or more. Ott (1975) has shown similar variations
in carbon monoxide measurements in United States cities. C(Clearly, data from
most of these sites are not representative of the cities as a whole, but
merely reflect what is occurring in the immediate vicinity of the sites.

Yamada (1970) showed that little consistency existed among sampling site
locations and instrument inlet exposures. His study was based on a national
survey of monitoring site characteristics. Further, the early Continuous Air
Monitoring Program (CAMP) stations had inlet locations from 10 to 15 feet above
the ground {Jutze & Tabor, 1963) while most state network station inlets were
located on building roofs. A similar situation presently exists, although the
development and deployment of instrumented trailers, of generally uniform di-
mensions, has reduced the problem somewhat.

From the above discussion, it is clear that a need exists for objective,
uniform procedures for locating and categorizing SO5 monitoring stations con-
sistent with the intended use of the resulting data.

1.4 THE QRGANIZATION OF THIS REPORT

In Section 2.0, the major uses of 50, monitoring data is reviewed and a
list of siting objectives, each consistent with a specific data use or group
of uses is developed. It will be seen that the siting cbjective (along with
the spatial scale of representativeness) is the major controlling factor in
determining the desired physical characteristics of a site and its surroundings.

Section 3.0 discusses two basic monitoring network concepts, the spatial
scales of representativeness relevant o 803, monitoring, and an SO3 monitoring

5



universe. A full review of these topics provides a basis to proceed with the
development of the siting procedures which are discussed in Section 4.0.

Section 4.0 is the working part of the report and provides detailed step-
by-step procedures for locating monitoring sites and the exposure of instrument
inlets to satisfy the requirements for the various siting objectives. The dis-
cussion proceeds from the largest spatial scale to the smallest considered.

In Sectiom 5.0, the rationale behind the site location procedures and oth-
er support documentation are presented., Topics include some of the relevant
meteorological aspects of air pollution, topographical effects, urban modifi-
cations, washout/rainout, and chemical/physical interactions.

In determining monitoring site locations, the site selector will be re-.
quired to use information and/or techniques with which he may be unfamiliar.
To obviate this problem, a set of appendices has been included which daescribe
the various kinds of data and technigques required as well as the sources from
which these may be obtained. Topics addressed include a general approach for
determining worst case meteorological conditions, the sources of meteorological
and land use data, a list of available air guality models which may be useful
in selecting a site, and some concepts of mobile sampling.

A bibliography (see Appendix F) is included showing a sample of the body
of information available on all relevant topics covered in this report.



2.0 S0, DATA USES AND RELATED SPECIFIC MONITOR SITING OBJECTIVES

In this section, general S0, monitoring program elements and uses of 50, -
data are first xeviewed; then, based on the review, a list of specific monitor
siting objectives is developed. The main thrust of this section is to give
some perspective to the various data uses and to relate them to the specific
siting objectives, This latter point is important since it was from the sit-
ing objectives that a relatively small group of monitoring site types was de-~
veloped for which site selection procedures and instrument inlet exposure
criteria were prepared (Section 4.0).

2.1 GENERAL

Selecting and/or redistributing S0, monitoring sites on a priority basis
is becoming critical in view of issues that have arisen since the promulgation
of the Clean Air Act Amendments of 1970.* Faor example, air quality maintenance
planning (AQMP) (Federal Register, 1973a), prevention of significant deterior-
ation (PSD) (Federal Register, 1974), transportation control plans (Federal
Register, 1973b), supplemental control systems (S5CS) or intermittent control
strategies (Federal Register, 1973c), and the Energy Supply and Environmental
- Coordination Act (ESECA) of 1974 have resulted in, either directly or by im-
plication, requirements for expanded and/or reconfigured air monitoring net-
works. 1In addition, complexities and problems associated with photochemical
pollutants (e.g., Stasiuk and Coffey, 1975:and Spicer, et al., 1976) which
were unforeseen at the time of the passage of the "Amendments" will require
an expansion of photochemical and bPhotochemical prevursor pollution monitor-
ing. The total impact of these issues will Yequire a reallocation of resources
for ambient air monmitoring. It will, therefore, be essential for the site

selector to optimize ambient 505 monitoring systems in response to these new
monitoring requirements.

Foremost in the discussion of SO monitoring are the National Ambient Air
Quality Standards (NARQS) which must be attained and maintained in each AQCR
across the country. These standards are summarized in Table 2-1. The primary
standards were set to protect human health and the secondary standard was set

The "Act" resulted in the requirement for the states o prepare, adopt, and
implement air pollution control plans or "state implementation plans" (SIPs)
to attain and maintain air quality standards (Federal Register, 14 August,
1971). These plans included provisions for the design, establishment, and
operation of air monitoring networks.



to protect the public welfare. The primary standards were to be attained in
each AQCR by June of 1975 and the secondary standards attained within a rea-
sonable time thereafter.

TABLE 2-1 v

NAAQS for SO5

Primary Standards Secondary Standard

Annual Average 80 ug/m3 _—
24-hour Maximum 365 ug/m3 -
3-hour Maximum — 1300 pg/m3

2.2 USES OF SO, MONITORING DATA

The list of SO, data uses presented below was compiled from a literature
survey (see Appendix F). The order in which the uses are listed does not ne-
cessarily reflect the priority or relative importance of the uses; obviously,
the priority of a given use in a given area would depend on the nature of the
505 problems that characterize that area. However, most of the uses that are
- listed are common to most areas of the country and are generally requnired to
successfully implement those federal and state clean air policies that require
the use of, ambient S0; data.

1) Judging attainment of SO, NAAQS.

2) Evaluating progress in achieving/maintaining the NAAQS or
state/local standards.

3) Developing or revising state implementation plans (SIPs)
to attain/maintain NAAQS; evaluating contrel strategies.

4) Reviewing new sources.

5) Establishing baseline air quality levels for preventing
significant detericration and air quality maintenance
planning.

6) Developing or revising national SOj control pelicies [e.q..
new source performance standards (NSPS), tall stacks, sup-
plementary control systems tscsy].

7) Providing data for model development and validation.

8) pProviding data to implement the provisions of the Energy
Supply and Envirormental Coordination Act (ESECAR) of 1974,
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9) Supporting enforcement actions.
10) Documenting episodes and initiating episode controls.
11) Documenting population exposure and health research.

12) Providing information to
a) public - air pollution indices; and
b) city/regional planners, air quality policy/decision
makers - for activities related to Programs such as
air quality maintenance Planning (AQMP), prevention
of significant deterioration (PSD), and the prepara-
tion of environmental impact statements.

2.3 MONITOR SITING OBJECTIVES

The above data uses are expressed in rather broad terms and are generally
Program oriented. For this reason, it was difficult to associate a particular
data use with a specific site selection procedure. To obviate the Problem, a
list of siting objectives was developed to provide a 1link between data uses
and specific site selection Procedures. The various siting objectives were
developed such that each could be related to a specific type of monitoring
site that would yield data of a level of quality and spatial and temporal re-
Presentativeness appropriate for its intended use. Some of the siting objec~
tives are couched in terms more reflective of the mears by which the appropri-
ate data will be obtained rather than in texrms having a broad program connota-
tion. Other siting objectives are worded closely to their related data uses,
since in these cases the intended use is rather srecific (e.gq., episcde moni-
toring). The monitor siting objectives and their related data uses are listed
and discussed in the following sections.

2.3.1 Siting Objective 1 - Determination of Peak Concentration in Urban Areas

State and EPA policies and regulations require that 802 levels be brought
within the primary NAAQS by June of 1975 and the secondary NAAQS within a rea-
sonable time after that date, and that both are maintained thereafter. Mawimum
annual, 24- and 3~hour concentrations of S03 are usually found in urban centers
where the use of sulfur-containing fossgil fuel for space heating results in ex-
tremely high 502 emission densities. Subsequently, people living and working
in these areas may be subject to both chronic and acute effects brought about
by exposure to these high concentrations. The Problem is exacerbated by 502
emissions from power Plants which are often located in the larger urban centers.

SIF control strategies for SC2 abatement are usually keyed on achieving
the NAAQS at these pcints of maximum concentration (therefore, inherently re-
lated tc the maximum economic impact of the strategy). Monitoring sites should
be located at or near these points of maximum concentrations as revealed by
modeling, to provide a continuing assessment of the situation. The most rele-
vant uses for which such data are required are as follows:



® Judging attainments of SO, NAAQS (use 1l)*,

® Evaluating progress in achieving/ﬁaintaining the NARAQS
or state/local standards (use 2).

® Developing or revising state implementation plans (SIPs)
to attain/maintain NAAQS; evaluating control strategies
(use 3).

$uch data will also be relevant to the implementation of the ESECA of 1974
(use 8) in those cities where there are power plants subject to the provisions
of the ESECA.** Other uses include the supporting of enforcement actions (use
9) and in providing information to the public, c¢city/regional planners, and air
quality decision makers (use 12).

2.3,2 Siting Objective 2 - Determination of the Impact of Individual Point
Sources in Multi-Source Urban Settings

This siting objective is similar to Objective 1 except that the monitor is
placed at or near the maximum ground-level impact point caused by an individual
point source located in-an urban area. Because of background "noise" produced
by other urban sources, monitor placement and data interpretation must also be
done in conjunction with diffusion modeling.

- This siting objective is related particularly to the ESECA of 1974 (use 8)
which was enacted in response to projected shortages of fuel oil and/or dimin-
ished confidence of availability of supplies of such fuels. Under the Act's
provisions, sources--mainly power-generating stations--may be required to con-
vert to cocal-burning. The conditions of the conversion will depend on the sta-
tus of the AQCR with respect to the NAAQS. If the NAAQS are not being attained,
a regional limitation (on SO, emissions) applies and all provisions of the SIP
must be met before the conversion. If the NAAQS are being attained, then a pri-
mary standard condition applies which results in a variance from SIP emissian
limits and still results in attainment of the NAAQS. This siting objective
particularly addresses the situmation for such subject sources located in urban
areas.

Another situation applicable to this siting objective is that of a single
source located in an urban area that contributes overwhelmingly to S0, pellu-
tion in that urban area. In such a situation, it would be very desirable to
monitor the maximum ground-level contribution from that source since the attain-
ment and maintenance of the NAAQS in the area would be highly dependent on the
effectiveness of control measures applied to that source. In this connectiocn,
data from monitoring stations so lccated could be used for:

® Developing or revising SIPs .to attain/maintain NARAQS; evalu-
ating control strategies (use 3).

* TUses are listed from 1 to 12 in Section 2.2.

** A brief, general summary of the ESECA is presented under Siting Objective 2.
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® Developing or revising naticnal S50z control policies; e.qg.,
new source performance standards (NSPS), tall stacks, and
Supplementary control systems {SCS) (use 6).

® Supporting enforcement actions (use 9), including SCS sur-
veillance.

® Reviewing new sources (use 4). In this case, the data would
be used to provide urban background concentrations at the
point of maximum concentration contributed by a proposed new
Source or at any other point in the miajor impact area at
which the NAAQS may be threatened.

® Providing information to the public, etc. (use 12).

2.3.3 Siting Objective 3 ~ Determination of the Impact of Isolated Point
Sources .

This siting objective is similar to Objective 2. Because there will be
few, if any, interfering sources in rural areas, area diffusion modeling need
not be employed for locating monitoring stations or in data interpretation.
However, because of special problems associated with locating maximum impact
points from individual sources in rural areas, mobile sampling may be required,
particularly in regions of complex terrain. Only the 3-hour and 24-hour aver-
age concentrations need to be considered since the annual standard will not
likely be contravened by an individual isolated point source,

The primary data uses related to this siting objecitve are the same as
those associated with Siting Objective 2, particularly SCS implementation
and surveillance. Other uses include establishing baseline air gquality

levels for PSD planning (use 5) and impact assessments associated with the
enforcement of PSD policies.

2.3.4 Siting Objective 4 - Assessment of Interregional SO» Transport

Transport or advection of pollution across state or other jurisdictional
boundaries received considerable attention in the development of some SIP's
(e.g., Ball, et al., 1972). Large urban areas situated near or straddling
state boundaries can result in a considerable exchange of S0; between the af-
fected states--e.g., New York/New Jersey/Connecticut (New York City); Penn-
Sylvania/New Jersey (Philadelphia); Missouri/Illinois (St. Louis); and
Illinois/Indiana (Chicago). A rather detailed study of interstate transport
of S0; was conducted by the NAPCA in the New York/New Jersey area (IHMEW, 1967).

The EPA has acknowledged the existence of thesa situations and has re-
quired their being taken into account in state SIP's. The main objective of
monitoring interregional transport of S05 is to assess the relative impacts in
adjoining states. This assessment can provide information to the air pollution
control agencies of these states for refining or optimizing control measures
for achieving and maintaining the NAAQS (uses 2 and 3).
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In certain situations, meonitoring sites set up to monitor incoming SO32
may also be considered as sites for measuring background concentrations and
determining base concentrations for environmental impact studies, AQMP and
PSD planning (uses 5 and 12).

2.3.5 Siting Objective 5 - Determination of Base Concentrations in Areas of
Projected Growth

The air quality maintenahce provisions of the Clean Air Act requize that
once the NAAQS are attained they must be maintained thereafter. To effectuate
this requirement, a series of guideline documents was prepared and issued to
the states (EPA, 1974a) to assist them in establishing Air Quality Maintepance
Areas (AQMAs), and preparing AQMPs. Volume XI of the series ("Air Quality
Monitoring and Data Analysis") addresses rather specifically the air monitor=-
ing requirements of AQMPs. The basic requirement involves the design and op-

‘eration of a monitoring network (or a modification of an existing network) to
establish baseline concentration levels from which air quality levels are pro-
jected into the future, Ongeoing air gquality measurements are then matched
against projected levels to ascertain AQMP effectiveness. This siting objec~
tive satisfies the air monitoring requirements of AQMP development. Data orig-
inating from monitoring stations satisfying this siting objective will be pax-
ticularly relevant to the activities of city/regional planners and air quality
policy/decision makers associated with such programs and the preparing of en-
vironmental impact statements {uses 5 and 12).

2.3.6 5iting Objective 6 — Initiation of Fmergency Episode Abatement Actions

States have established (with EPA guidance) air quality levels at which
preplanned abatement strategies must be activitated for precluding air pollution
buildup during air stagnations. These plans are usually "triggered"” on the
basis of real-time monitoring information from appropriately located sites.

Episodal concentrations often represent the highest short-term concentra-
tions ever observed during the year in any given area. The highest peaks occur
in the urban core, but are also relatively high and generally uniformly distri-
buted over the areas surrounding the urban core. Since episodes are of rela-
tively short duration (maximum duration of about three days or s0), the acute
effects on human health and public welfare are of greatest concern.

Most emergency episode plans drawn up by the states provide for a four-
stage abatement mechanism. In each successive stage, more stringent emission
limitations are imposed on prespecified sources to deal with the pollution
buildup in a stepwise manner. The air quality situation is continuously moni-~
tored and each stage (and the eventual "all clear") is triggered according to
prespecified criteria. Sites established for SO monitoring during air stagna-
tions should use continuous type instruments that output directly (via teleme-
tering) to the air pollution control agency office (and computer) to facilitate
rapid data acguisition and evaluation. In most situations, the site should be
located in the very heart of the maximum SO; emission density zone of an urban
area, since during air stagnation conditions wind speeds are low and directions
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are variable so the maximum concentration should occur near to where the emis-
sion density is a maximum. Since it is desirable to maximize monitoring cover-
age during a stagnation episode, other sites can be used to trigger the episode
abatement plan and/or to monitor the Progress of each stage. Most often these
will be the peak concentration stations and other stations located in the urban
area. The relevant data uses here are, therefore:

® Documenting episodes and initiating episbde controls (use 10).

® Providing public information via air pollution indices (use 12).

2.3.7 Siting Cbjective 7 - Assessment of Background Concentrations in Rural
Areas

Background levels of 803 in rural areas represent the lowest levels, or
the approximate lowest levels (depending on the degree of interregiocnal S04
transport) attainable over a large region. They may be considered as the base-
line concentrations near urban areas that should be known in order to optimize
the degree of control necessary to attain and maintain the NAAQS over the urban
area. This siting objective is also c¢losely related to Siting Objectives 4
and 5; in fact, several of these objectives could be satisfied with one site
strategically located. The data uses relevant to this siting objective include
uses 2, 3, 5 and 12.

2.3.8 Siting Objective 8 - Determination of Population Exposure

Since the primary purpose of the NAAQS is to protect human health, 509
monitoring sites should be located in areas characterized by high populaticn
density to ascertain the degree of S0 exposure to large numbers of people.

In most cases, these areas will be the residential areas of cities adjacent to
the central business districts (CBDs) and the peripheral suburbs.

In these areas, SO, concentrations for the three averaging times may he
relatively high. However, the greater spatial variability of the shorter term
peaks shifts the major concern to the annual average concentrations where ef-
fects on people are most likely to be chronic. This siting objective places
the emphasis on the monitoring of 505 where most pecple live (constant exposure
to relatively high levels) rather than where they work, which is covered by
Siting Cbjective 1. The relevant data uses are then:

® Documenting populatian exposure and health research (use 11).

® Providing information to the bublic via air pollution indices
(use 12).

2.3.9 Siting Objective 9 - Diffusion Model Calibration and Refinement

The calibration and refinement of diffusion models is becoming cne of the
most important objectives of air monitoring (use 7). In fact, many of the
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objectives described in this section may well, ultimately, be satisfied by the
operation of appropriate diffusion models.

Many states used diffusion models to develop control strategies (e.g.,
Morgenstern and Hagg, 1972) to satisfy EPA SIP requirements. Diffusion model-
ing by state agencies is expected to continue as an ongoing activity in refin-
ing and/or optimizing control strategies and in providing a development/assess-
ment tool in the design and implementation of AQMPs and PSD plans.

A realistic SO model calibration program may require the establishment
of a special, temporary network of SO; monitors to facilitate spatial as well
as temporal correlation studies. For a detailed discussion on the problems of
model calibration, see Brier (1973, 1975). Monitoring sites established for
other cbjectives may also be used to supplement data from the special network.

Diffusion models are of two basic types--Gaussian and grid. Gaussian
models simulate individual plumes (continucus or puff) by assuming a Gaussian
distribution of plume material in the crosswind and vertical dimensions. Grid
models, on the other hand, compute mean concentrations for each cell of a three-
dimensional matrix of cells. There are several varieties of grid models, one
of which is the full-airshed Eulerian (fixed-cell) type.

Several problems are associated with each type of model. A major prublem
with the Gaussian models, particularly the continuous versions, is their ina-
bility to account for complex air flows in which SO, source plumes are imbedded
{e.g., in urban areas and in other regions of camplex terrain). Grid models,
however, are difficult to validate because their volume-averaged predictions
myst be compared to measurements taken at a point. Neither type of model can
simulate the effects of micro-scale features of complex flows. :

The largest air pollution study ever conducted by the EPA is presently
underway in St. Louis, Missouri. The Regional Air Pollution Study (RAPS) has
been referred to as the modeler's model. Models have been developed for simu-
lating emissions, meteorology, photochemical reactions, removal processes, etc.
Twenty-five air monitoring stations have been established in and around St.
lLouis for the primary purpose of model validation (Pooler, 1974). All five
primary air pollutants and selected meteorological variables will be measured.
Fach site was carefully chosen in order to prevent contamination from small
local sources, dust re-entrainment from the ground, and the measurement .of
anomalous winds. .

Model calibration and refinement work is very highly specialized. Network
configurations, instrument specification, characteristics, and other factors
all reflect monitoring requirements that are probably unique for any given pro-
ject., It is difficult to anticipate the monitoring requirements of such pro-
jects and impossible to generalize related siting guidelines. An attempt. to
do so was considered beyond the scope of the objectives of routine monitoring
which this report addresses. However, it may be safely stated that ambient
data from any source could probably be utilized, to at least a limited extent,
in model calibration/validation studies if the conditions under which such data
was obtained were known (and documented).

14



3.0 SPECIAL CHARACTERISTICS ASSOCIATED WITH S02 MONITORING

Because of the complex relaticnships among geographic, topographic, and
climatologic factors; 502 patterns; and the various averaging times of the NAAQS;
the selecting of appropriate sites for 502 monitoring can be a very complex
process. However, the process can be simplified somewhat by first viewing the
various siting objectives in the context of an S02 monitoring "universe". Then,
through an elimination, consclidation and optimization process, one can estab-
lish various site types such that each can be associated with a general siting
approach. Initially, it was expected that each site type could be related to
a specific siting procedure. However, because of the nature of S0 concentra-
tion patterns, the requirements of some of the siting objectives, data uses and
other factors, this was not possible in many cases. As will be seen in Section
4.0, some procedures are more closely related to the siting objective than site .

type.

The major objective of this section is to discuss the elements of the uni-
verse. This includes spatial scales of representativeness and how these relate
to the averaging times of the NAAQS and the nature of urban concentration pat-
terns, terrain characteristics, meteorology, land use, and other elements.

Such a discussion will constitute an appropriate introduction to Section 4.0
(which presents the site selection Procedures) by providing the site selector
a basis for understanding some of the characteristics and Problems associated
with 507 monitoring.

3.1 MONITORING NETWORK CONCEPRTS

It might be appropriate to begin this section with some historical per-
spective of monitoring in general by discussing the two basic types of moni-
toring networks. Many of the networks of the recent past and several existing
ones are typified by these types.

'3.1.1 Target Networks

Target networks are source-oriented in that each monitoring site has a
specific and unique objective associated with it (e.g., see Stockton, 1970).
These cbjectives may include the assessment of the air quality impact of a
specific large source or the combined impacts of many sources in a particular
area (usually where the maximum concentration occurs). The main concept behind
the target network is that if an objective of a control or surveillance strategy
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is achieved at a maximum concentration point, then they are achieved in all
areas of the affected region. Such a network requires a minimum number of site
locations, and for this reason they are often considered optimum networks.

This optimization also allows for a greater degree of sophistication regarding
instrument types and data acquisition systems.

3.1.2 Area Networks

Prior to the general availability of diffusion models, initial urban air
gquality surveys were often conducted via an area network where large numbers
of monitors were uniformly spaced over a region, usually at each point of a
grid. The concepts behind this approach were that the more samples one had in
the field, the more likely the concentration pattern characteristics of inter-
est would be revealed, or the more accurately the regional average concentra=-
tion could be computed. The earlier networks of this type were often estab-
lished for purposes of research (e.g., see Keagy, et al., 196l). Because of
the large number of sites, network maintenance was costly, and the use of ex-
pensive, high quality instruments was prohibitive. However, usually after a
year or so of experience, one could drastically reduce the number of stations
and still achieve all monitoring objectives with a reasonable degree of confi-
dence (as discussed by Herrich, 1966). 1In a sense, the area network was gradu-
ally converted to a quasi-target network.

Area or quasi-target networks have been established in several large metro-
politan areas where large sections are characterized by uniform land use such
as large residential and commercial areas. In these' situations, site locations
are often determined on the basis of population and geographical coverage (e.g.,
see Heller and Ferrand, 1969).

There are some interesting variations of the area network type. Some may
be configured on the basis of the orientation of a major topographical feature
such as a river valley; others, on the location of a large emission district
embedded in a larger, more diffuse emission region. In these situations, indi-
vidual sampling sites may be located at points along a series of concentric arcs
centered on the high emission district (e.g., see Leavitt, et al., 1957; Rossano,
1956) to "normalize" the distance-concentration factor, or at points along a
series of lines perpendicular to the valley axis to ascertain concentration flux
at each line. Other sites may be located to measure air quality upwind and -
downwind of the region.

For the routine uses of S0, monitoring data, the characteristics of an
ideal SO2 monitoring network should incorporate the desirable characteristics
of both network types.

3.2 SPATIAL SCALES OF REPRESENTATIVENESS
Much of the discussicn in this section was stimulated by a recent report

by Ludwig and Kealoha (1975)--a counterpart report to this one for carbon mon-
oxide monitoring. Since the scales of measurement as presented in that report
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aza dicectly applicable to 5Dg (or to any pellutant) Geasurament Scalmk, they
are prassnted below but resratsd in terms applicable to S0 manitering.

The volums of air sampled by 4n 50+ instrubent 1s very small wheo compared
£ the voluma of alr that the resulting alr gquality resding is suprosed to re-
pregant [up to tens of theusands of kn®). It is oot possible for a single
mopitos to fample all of the sy volume over the area of interagt co produce
the number which is the actusl average aiy quality reading far the aren. Ideal-
1¥, the manitor must be placed such that the wir gquality of the small sasplad
velune is raprasantative of the air guality over tha sotire area of intersst
ar reascnably so., (This requirement impliss & comrtain degres of Lo Tanel ty
arver this axea which is not always met, howwvar.] The gize of this area of

iptersst astablishes a corrasponding spatial gcale af reapregentat™venass ovis
which cne would like the measuraneat to apply.

The typical spatial scales of represantativenses asgoclatad with most 300
Eiting ochjectives and relwted data usac are 1llustrated echematical 1y in Figure
3-1 and Qdiscusawi balow, sequentially, from the suailest scale. In some situa-
tions, thare ars gpecial problems ampociatad with the repressctlveness of some
507 maasurements; these problens ars discusesed in Section 3.2.1.

® Hicroscalw. 2Ambhiept alry volumes with dimengions ranging from
matara up o wbeut 110 meters ars asfociated with thisg gcale.
Studies of the disgtributicen of 533 within plunes aither gvey
flat or cowplex terrain or within building wake cavities re-
Tuire weasurements of this scale. The develspoant of sperial
models designad to siwulate zuch small scale B0y distributicrs
ales I+Juire microscale mmasurements for medal verificaticn
and refinament.

¢ Middle Scale. This scale represents dimensions of che order
from apbout 100 meters to 0.5 kilometer and characterizas air
quality ih Ardas up to geveral city blocks in $iza. ZSome data
users asgrolatad with middle scale measurements ipclune assese=
ing the efferea of control stretegiad to reduce wrban peak con-
centrations (especially for the J=-howr and z2d-hogyr averaging
timeg) and monitoring air pollution episodes.

& Heaghborhosd Seale. Heighborhood scale measurements wowld char-
dcturiza conditions over araag with Jdimensiong ik bthe 0.5 o
o 4l raige. A5 will ke discussed latexr, thie scals aphlies
in argas whars the 507 concencration gradient is ralatively
flat—-mainly suburban areas surrounding the urhan centar--o-
to large sections of small cities and towns. In general, these
ars#as are quite homoganecits in terms of 509 emigsion rates and
population densiry. Meighbornood =cale measurements may be
associated with basaline concentrations in arcas of prajacted
growth and in studies of popularion rafponses o eXposute to
502 (ox hmalth effacts). Riso, concentration maxima agssclated
with air poliution apizode=z pay be reasonabls uniformly distri-
Suted cvar arsws uf neighborhosd scale, apd peasurements taken
within such an area Wouid represent nalghborhood as wel: zs
middle scale concentrations.
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URBAN COMPLEEX

FIGURE 3=1l. Illustration of various spatial scales of representa-
tiveness.

® Urban Scale. Vrban scale measurements woulll be made to re-
present conditions over areas with dimensions on the order
of 4 to 50 km. Such data could be used for the assessment

of air quality trends, the effect of control strategies on
urban scale air quality.
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® Regional Scale. Conditions over areas with dimensions of as
much as hundreds of kilometers would be represented by re-
gional scale measurements. These measurements would be applic-
able mainly to large homogenecus areas, particularly those
which are sparsely populated. Such measurements could provide
information on background air quality and interregional pollu-
tant transport.

® National and Global Scales. These measurement scales repre=
sent concentrations characterizing the nation and the globe
as a whole. Such data would be useful in determining pollu-
tant trends, in studying international and global transport
Processes, and in assessing the effects of control policies
on national and gleobal scales.

3.2.1 Measurement Scales Relevant to 502 Monitoring

In 802 monitoring, a distinction should be made between the spatial scale
desired to be represented by a single measurement and the spatial scale actu-
ally represented by that measurement. The former is determined by the size of
the area of interest which is associated with the intended use of the data and
associated siting objective, while the latter is a function of the spatial vari-
ation of concentration in the horizontal over the area of interest. This vari-
ation results not only from the impacts of local sources within the area, but,
more importantly, from the collective impacts of all sources located outsgide
of the area of interest. These collective impacts result in background concen-
tration patterns and gradients over the area of interest that essentially dic-

- tate the spatial scale that will be represented by a single measurement taken
at a station located anywhere in that area. This dilemma may be stated in an-
other way--the distance from a monitoring station at which measurements become
significantly different from those at the monitoring station determines the
spatial scale represented by measurements at the monitoring station. This
distance is a function of the background concentration gradient. SO, concen-
trations over urban areas generally decrease rapidly outward from a peak near
the urban center, and rather smoothly for annual averaging times (e.g., see
Larsen, et al., 1961; and Figure 2-3, Stern, et al., 1973) as shown in Figure
3«2. Also, superimposed on the relatively smooth concentration pattern are
"bumps"* due to large point sources. Hence, 50, concentrations in cities are,

.in general, neither uniform over large, homogeneous land use areas within the
city, nor are they contained within numerous individual independent cells or
street canyons as is the case for carbon monoxide (c.f., Figure 3, Ott, 1975).

Because of this nature of SO; distributions over urban areas, the middle
scale is the most likely scale to be represented by a single measurement in an
urban area, and only if the undue effects from local sources (minor or major
point sources) can be eliminated. Neighborhood scales would be those most
likely to be represented by single measurements in suburban areas where the
concentration gradients are less Steep. Regional scale measurements would be

* For shorter averaging times these bumps become large "spikes™ superimposed

on a greatly irregular background patterm.
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associated with rural areas. Microscale measurements may be required in cer-
tain situations. For example, in monitoring the impact of an isolated point
source in complex terrain,’ initially it may be desirable to use mobile samp-
ling or to establish a dense, area-type network to determine the general loca-
tion of the maximum impact point. This will provide guidance for locating
permanent sites for measurements representing the more relevant middle scale.
Normally, investigators making such microscale measurements have specific sit- .
ing requirements that reflect the specific and often unigque purposes of their
projects; these requirements would be difficult to generalize.

Because of the great variation of SOz concentrations in urban areas, it
is unlikely that urban scale concentraticns could be measured at a single site.

National and global scale concentrations are not of sufficient interest
to state and local agencies to justify specific treatment. However, concentra-
tions characterizing areas on these scales may be estimated by synthesizing re-
gional, and then national scale measurements.

Figure 3-2 shows relative locations of sites in an urban area for measur-
ing concentrations representing several spatial scales of measurement.

Mi - Micro Scale Sites
Md - Middle Scale Sites Mi & Md
+ N - Neighborhood Scale - >
' Sites
R - Regional Scale
Sites

Peaks Associated with
Major Point Sources

R x> N N

- R —
»

A

"

Relative S0y Concentration

T

1 1
rural areas suburbs | urban core Esuburbs rural areas
}
] 1

city limits [

FIGURE 3=2. Relative locations of sites for measuring concentrations
representing several spatial scales of measurement in an urban
complex, with respect to annual averaging times.
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3.3 MONITORING SITE TYPES AND ASSOCIATED SITING OBJECTIVES AND DATA USES

Our survey of the literature indicated that £02 monitoring sites can be
classified as either proximate or general level. Proximate sites are +hose
associated with siting objectives that require information regarding impacts
from a specific source or a group of specific sources. These sources may be
isolated, such as a smelter complex in a remote area, or a power Plant so lo-
cated in a city that it constitutes a large fraction of the total observed 505.
General-level sites are those located in areas where the total concentration
is important but contributionsz from individual sources to that concentration
are relatively unimportant.

The siting objectives and related data uses and their associated site
types and spatial scales of representativeness are summarized in Table 3-1.
Blank spaces indicate those scales of measurement that are either incansistent
with the siting objective, or are simply not very useful. Proximate site types
are indicated by "Pr" and general level by "GL". The underlined Xs indicate
the desired spatial scale +o be represented by a single measurement. The re-
maining Xs indicate other spatial scales that may actually be represented by
a single measurement (becauce of the conditions imposed by the background con-
centration gradients). The letters (P) and (P) within the site type column
indicate whether the siting objective is concentration pattern oriented or is
asgociated with a fixed geographical area independent of the S0, pattern. For
example, an urban peak concentration site {P) will be located as close as pos=
sible to the peak concentration point in the city without regard to the geo-
graphical setting of the siting area, while a site established to determine
base concentrations in areas of Projected growth (F) will be located within
the growth area regardless of the characteristics of the Prevailing SO, con-
centration pattern. It also might be worthwhile here to mention that the less
camplicated the source mix and density (i.e., as one approaches rural condi-
tions) the wider the range of spatial scales a reading will represent; for
example, in a homogeneously rural area, an individual reading will represent
all spatial scales ranging from micre to regional and over any averaging time.

3.4 THE SO MONITORING UNIVERSE

In the foregoing discussions, we have identified the uses of S0p data and
their relaticnships to specific monitor siting objectives; we have also related
the individual siting objectives to appropriate spatial scales of representive-
ness (see Table 3-1). However, there are other variables that must be consi-
dered in the site selection Process--namely the averaging times of the NAAQS
and the land use and topographical settings. All combinations of the above
variables that must be accounted for in the selecting of monitoring sites, and
to a certain extent, in determining probe exposure and monitoring mode, con-
stitute an S0» monitoring "universe". Tt is from this universe that specific

site types are selected to which are attached specific site selection proce-
dures,

The five basic variables (the first two have already been discussed) that

constitute the S0, monitoring universe are listed following Table 3-1.
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TABLE 3-1

Relationships Among Siting cbjectives and Related Data Uses, Site

Types, and Scales of Representativeness

(a) If the asywsption is made that tha peak concentration peint will only raraly occur (within middle-scals
limits) at the menitoring sita, then the reading will batter represent typical maximum valuas an the neigh-
borhood acals in the saxisum impact area.

(b} Microscale measuraments may be required to defise pluma structure vis sither arsa network or moblle sampling
to simalate plupe ar to eatimace permanent middla scale site locations.

(¢) Under stagnation conditiaas, the maximum concentration gone will probably expand in ares, in which casa the
reading may reprasant neighberhood scale averages as vell as middle scals averages.

(d) Bacause of the multitude of scales on which models are designed to simulate alr pellution, data om any
scale may be required in model calibration/refinemant work.

*  gne "Spatial Scale of Rapresentativeness” is keyed as follows: | - microscala; I] = middle scale;

I11 - naighberhood scale; and IV - regional scale.
Spatial Scale of
Sitina Objectives/ Data Uses Site Representativeness®
Type
1 11 111 v
1. Determination of Peak Concentrations in Urban Areas. 6L (a)x | *
Judging attainment/maintenance of NAAQS. (?)
Evaluating progress in achieving/maintaining of NARQS.
peveloping/revising SIPs/evaluating control strategies.
Providing data to facilitate the ESECA of 1974.
Supporting enforcemant actions.
Public information.
2. [petermination of the Impact of Individual Point Source in Multi-Source Pr 1
Urban Satting. (?) -
Daveloping/revising $IPs/evaiuating control strategies.
Raviewing new sources.
peveloping/revising natfonal S02 control policies(NSPS,SCS, tall stacks).
Providing data to facilitats ESECA of 1974.
supporting enforcement actions.
3. petermination of the lmpact of Isolated Point Sources. Pr )] X
Developing/revising $IPs/evaluating control strategies. {®)
Reviewing new sources.
peveloping/revising national SOz contral policies(NSPS,SCS, tall stacks).
Providing data to facilitate the ESECA of 1974,
Supporting enforcement actions.
4, Assessment of Interregional 302 Transport 6L X
Establishing baseline air guality levels for PSD planning and AQMP. (P)
Evaluating progress in achieving/maintaining NAAQS.
Developing/revising 5IPs to attain/maintain MAAQS.
Public information.
5. Determination of Base Concentration in Areas of Projected Growth. 6L X X X
Establishing baseline alr quality levels for PSD planning and AQMP, (F)
Evaluating progress in achisving/maintaining NAAQS.
Developing/revising SIPs to attain/maintain NAAQS.
Public information.
6. Emergency Episede Abatement Initfation and Monitoring. 6L X (e)x
Documenting episodes and initiating episode controls r)
Public information.
7. Assessment of Background Contration in Rural Areas. 6L X
Establishing baseline atr quality levels for psO planning and AQMP. (P)
peveloping/ revising SIPS to attain/maintain RAAQS.
Public information.
8. Determination of Population Exposure in Populated Areas. GL X X X
Documenting papulation exposure and health research. (F)
Public information.
9, Diffusfon Model Calibration and Refinement. (d) "GL b X X X
pr | T | X
(Pl
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1)

2)

3)

shows only 15 combinations of variables.
tions total 360.
siting procedures

Site Type 4)
Proximate '
General Level

Spatial Scale of Representativeness

Microscale 3)

Middle Scale
Neighborhood Scale
Regional Scale

Averaging Time of NARAOS
3~hour (second highest)
24~hour (second highest)
Annual

Land Use Setting

Urban
Suburban
Rural

Topographical Setting

Coastal

Ridge~valley

Intericor Plain

Fugged, Irregular (interior)
Rugged, Irregqular (coastal)

Only a portion of the monitoring universe is Presented in Figure 3-3 which

For the entire universe, the combina-
Fach combination could theoretically require a unique set of
depending on the siting objective, data use, and the commonali-
ty and availability of meteorological data for the various combinations.

How-

ever, it will be seen that the combinations of these universe elements that
reflect the stated siting cbjectives can be accommodated by a relatively small
number of site types.

BASIC SITE TYPE

SPATIAL SCALE

AVERAGING TIME <=

Proximate
Sites-

— i — —

—— Mi

L |

3-hr 24=hr Annual

lo_.

L_-

Md

Urban Suburban Rurat —=— LAND USE SETTING
Coastal Plain Ridge/Valley Rugged Rugged —— TOPOGRAPHICAL
Irrequiar Irregular SETTING
(Coastline)| |(Interior)

FIGURE 3-3. Portion of s03 monitoring universe.

23




3,5 THE 7IVE RELEVANT MONITORING SITE TYPES

The concept of the monitocring universe as presented above can be converted
to more convenient tabular format. Tables 3-2 and 3-3 show the resulting uni-
verse after considering only the elements of Table 3-1, and the desirable spa-

tial scale to be represented by a

single measurement. For example, an
TABLE 3-2 50, reading representigg axregi?nal

3«hour mean concentration associated

Relationships Among Table 3-1 with an isolated point source either

Elements and Associated does not exist or is irrelevant.
Relevant Averaging Times From Table 3-2, all siting objectives
can be accommodated by five monitoring
Basic Averaging Time site types: '
Site
Type |3-hour 2h-hour |Annual 1) General Level, Regional Scale.
Pr 2) General Level, Neighborhood Scale.
1 —_——_—e e = T e = e ——— .
GL :
(P) Md Md Md 3) General Level, Middle Scale.
Pr :
(P) Md Md Md 4) Proximate, Middle Scale.
2 R W AU N — —
GL 5) Proximate, Microscale.
S Pr . .
Mi ,Md!{ M, Md
S IO Al T
T 6L KEY
I
N P . .
G A r M1 « Microscale.
: CEL) R R R Md - Middle scale.
0 P
B -~ Neighborhood Scale.
Pr
J S 42 | — __J——__| R - Regional scale.
E ' (EIE) N N Pr - Proximate.
T pr GL - General level.
I
Vv 6 e R e —-= (P) - Pattern Oriented Site.
N - N
E (P) (F) - Fixed Geographically Oriented
S Pr : Site.
7 T T T Not likely for an isolated point
(P) R R R source.
Pr *x Difficult to estimate since no
< P 2 e - —— specific source is impacting.
GL
(F) N N + No episodes occcur in this time
Pr scale.
Mi, Md Md Md L
9 —_ LPL R U S P — + Secondary standard; no signifi-
GL Mi,Md| Md, Md, cant effects.
(P) N,R | N,R | N,R
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TABLE 3-3

Matrix of Topographical and
Land Use Types

Topographical Type
(A9 B! CS D9 E) '

'l

1and (U) AU BU C,U DU E,U
use (S) A,S B,S €, D,S £,
~pe (R} | A,R B,R C,R D,R E,R

KEY

U - urban C - Ridge/Valley

S - Suburban - D - rRugged, Irregular,
R - Rural Interior

A - Coastal E - Rugged, Irregular,
B - Plain Coastal

Each of these site types is associated with a basic procedural siting approach
with variations from the basic approach being functions of the siting objec-
tive, averaging time, and physical setting.

It would be appropriate at this point to summarize the material presen-
ted in this section by showing an example of the process that ties the site
type to the intended use of the data. This can be accomplished in a stepwise
manner as follows:

a) Decide the use to which the data will be put.

EXAMPLE: Providing data to implemeni the provisions of the
ESECA of 1874,

b) Determine all siting objectives that will satisfy the data use.
From Table 3-1, siting objectives 1, 2, and 3 will satisfy
the proposed use of the data.

¢) From Table 3-2, determine the site type and averaging times

of concern that apply to each siting cbjective.

SITING QBJECTIVE 1: General-Level, Middie-Scale, z2ll
averaging times,

SITING OBJECTIVE 2: Proximate, Middle-scale, cll averaging
times.

SITING OBJECTIVE 3: ZPromimate, Middle and/cr Misrcsoazlz
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d) From Table 3-3, determine the physical setting of the siting
area. There are 15 combinations of physical settings that
are relevant to the SO, monitoring site selection process.

The specific siting procedures associated with each site type are presented
in the next section.
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4.0 SITE SELECTION PROCEDURES AND CRITERIA

Procedures and criteria for selecting specific monitoring site locations
and instrument inlet exposures have been developed for the relevant monitoring
site types and are presented in this section. They are generally uniform for
each siting objective associated with a given site type. It was not possible
to develop specific siting criteria to satisfy some siting cbjectives (e.g.,
isolated point source monitoring in extremely rough or mountainous terrain).
In these ingtances, general gquidelines addressing "points to consider" are
Presented.

"The site selection process itself is an elimination process; general sit-
ing areas are selected, then specific prospective sites within the areas are
gradually eliminated in accordance with specific criteria until a small subset
of acceptable sites remains. The final selection is made from this subset.

It should be made clear at this point to state that not every AQCR is re-
gquired to have each type of monitoring site described in this section; the
types of sites required would depend on the nature of the SO» problems in the
AQCR. These are judgements to be made by the control agency or site selector.

The organization of much of this section is based on that of the report
by ILudwig and Kealoha (1975)--essentially flow charts showing the basic struc-
ture and flow of the procedural logic followed by discussion of the elements
of the flow chart. Much of the material is presented without discussion of
the justification or rationale for the various steps of the procedures; this
is reserved for Chapter 5.0 to maintain the clarity and continuity of the pro-
cedures as discussed here.

4.1 DESCRIPTION OF SITE SELECTION AIDS AND BACKGROUND MATERTAT,

An integral part of the site selection process is the acquisition and/or
development of background material, data, and, in some situations, the use of
auxiliary eguipment (e.g., portable wind station). Such material is needed to
provide the site selector with information mainly regarding the physical char-
acteristics of the siting area. This information may include the terrain and
land-use setting of the prospective monitor siting area, the proximity of large
water bodies, the distribution of S0, sources in the area, the location of ap-
propriate National Weather Service (NWS) airport stations fram which weather

data may be obtained, etc. Depending on the siting objective, this material
may take the form of: '
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e Isopleth maps S0 air quality,

e Emissions inventories,

® Meteorological data,

® Wind roses,

¢ Portable wind equipment,

® Topographic/population/land-use maps, and
® Mobile sampling equipment.

The purpose of each item will be described briefly below prior to the presen-
tation of the site selection procedures. A more complete discussion of this
material and its sources can be found in the appendices and in Section 5.0.

Isopleth maps, particularly those generated by diffusion models is recom-
mended for use in determining the general location of a prospective monitoring
site, or a prospective siting area within which the final site is to be selec-
ted. TFor siting monitors in urban areas, milti-source models such as the Air
Quality Display Model (AQDM} are recommended. For isolated point source moni-
toring in relatively uncomplicated terrain, various point source models (PTMPT,
PTDIS, PTMAX; see Appendix E) or graphical solutions of the Gaussian point
source equation are suggested. (It will be seen that the guidelines presented
herein are strongly diffusion-model-output oriented.)

Emission inventory information for peint socurces is available fram the
U.S. Environmental Protection Agency (EPA) for any area of the country for an-
nual and seasonal averaging times. Specific information characterizing the
emissions and large point sources for the shorter averaging times (diurnal
variations, load curves, etc.) can often be obtained from the source. Area
source emission data by season, although not available from the EPA, can be
generated by apportioning annual totals according to degree days. This kind
of information provides some of the input to the diffusion models and are also
important for other reasons that will be discussed later.

The nature of the elements of Table 3-3 in Section 3.0 determine the mete-
orological and diffusion parameter input to the diffusion models. In most
cases, the meteorclogical data originating from the most appropriate (not ne-
cessarily the nearest) NWS airport station in the viecinity of the prospective
siting area will adequately reflect conditions over the area of interest, at
least for annual and seasonal averaging times. 1In developing data in complex
meteorolegical and terrain situations, diffusion meteorologists should be con-
sulted. A complete list of NWS stations that can provide most of the relevant
weather information in support of siting activities anywhere in the country can
be found in Appendix A. Such information includes joint frequency distributions
of winds and atmospheric stability (stability-wind roses). These are provided
by the ocutput of the National Climatic Center "STAR" computer program. For the
shorter averaging times or in complex terrain situations, the use of portable
wind eguipment, smoke hombs, time-lapse photography may be necessary. Land use
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types and topographical characteristics of specific areas of interest can be
determined from U.S. Geological Survey (USGS) and land use maps. Detailed in-
formation on urban physiography (building/street dimensions, etc.) can be ob-
tained from Sanborn maps (see Appendix D). Additional information may have to
be obtained by visual observations, aerial photography, and surveys to supple--
ment that available from the above sources., Such information may be required
to determine the appropriate diffusion coefficients and 502 half~life values

to be used by the models as well as determining the locations of local sources
in and around the prospective siting areas.

Finally, after the general location of a site or prospective siting area
has been established, mobile sampling may be required to determine the optimm
site location, particularly in regard to isolated point source monitoring (see
Appendix C). ’

4.1.1 The Critical Role of Diffusion Modeling in the Site Selection Process

As discussed in Section 3.2.1, the SO3 background concentration gradient
over an area essentially determines the spatial scale represented by measure-
ments taken at a single station located in that area. Also, it was seen that
in Section 3.3 that some siting objectives may be associated with specific fea-
tures of the S0; pattern while others may be associated with fixed gecographi-
cal arecas that are independent of such features. Since the only objective
means of obtaining such gradients and patterns is by diffusion modeling, the

modeling of the area of interest will usually be a prerequisite for selecting
monitoring sites, :

In Sections 4.1.1 and 4.1.2 below, the role of diffusion models in the
site selection process is discussed in general terms to orient the reader.
The model's role in the selecting of sites to satisfy specific siting objec-
tives is discussed in more detail later in the appropriate sections.

4.1.1.] Siting Objectives Associated with Fixed Geographical Areas

For siting objectives associated with fixed geographical areas (see Table
3=1), measurements frem a single monitoring station within such an area can
represent concentrations over any spatial scale. In a given scenario, the
particular spatial scale represented would depend directly on the background
concentration gradient prevailing over the area of interest. In developing
the siting criteria in these situations, we arbitrarily chose specific concen-
tration gradients that we felt appropriately characterized the variocus spatial
scales (see Section 5.3.3 for rationale) as follows:

1) If the concentration gradient over the area of interest does
not exceed about 0.5 ug/m3—km the measurements from a single
Site will represent concentrations over regional spatial scales.

2) If the concentration extremes over the area of interest are not
within about 25% of the meari value, then more than one site is
required to represent concentrations over the area. To establish
the number of stations, the area is divided into the number of
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parcels required to bring the extreme concentraticns over each

. parcel to within 25% of the mean of each parcel. Measurements
from single sites located near the center of each parcel should
adequately characterize the concentration over that parcel, The
spatial scales represented by the measurements will be the same
as- the spatial scales of the parcel, namely neighborhood (0.5
to 4.0 km) or middle (0.1 to 0.5 km) scales.

4.1.1.2 5Siting Objectives Associated With Features of the SO, Pattern

The peak 50, concentration is usually the most important feature consid-
ered for siting objectives associated with features of the S0, pattern (see
Table 3=1). The peak concentrations may be due to either single or multiple
sources. The diffusion model is used to determine the approximate location of
the peak and can consider annual patterns as well as near worst case 3-hour
and 24-hour patterns. Because the concentration gradient in the vicinity of
the peak is often steep and/or irregular, the middle scale is the most likely

scale to be represented by measurements from a single station located near the
peak.

The use of models to aid in detexmining regional scale site locations in
rural areas is optional. In these situations, the model is used to verify that
the prevailing concentration gradient is relatively flat.

4,2 GENERAL-LEVEL REGICNAL~SCALE STATIONS

Figure 4-1 shows the recammended procedure siting objectives for estab-
lishing general-level regional stations. There are two basic siting objectives
for which regional stations are established: (1) to measure regional mean
background concentrations; and (2) to assess pollutant transport.

The following material should be assembled to provide inputs to the de-
¢ision-making process;

® Wind roses,

® Regional xaps of various scales showing topography and
developed areas,

e Populaticn data (by town),

e Emissions inventory of point and area sources.
¢ Diffusion model output (optiocnal).

Climatologigal wind data in the form of a statistical table such as that
shown in Table 4~1, or a wind rose shown in Figure 4-2, are the forms most use-
ful in selecting general-level regional stations. These are examples of some
of the kinds of data that are available from the National Climatic Center (NCC)

Asheville, North Carolina. The wind rose is particularly useful in depicting
the wind direction frequency over the area of interest.
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Assemble S5ite Selection Aids:
Climatological Wind Data

Maps (various scales) showing
= topography
- developed areas

Population Data by Town
Diffusion Model Quput (Optional)

as near as possible to state
line on out-of-state yrban
area side, as close to yrban
area as possible, but no closer
to an in-state urban area than
30 km. Additional zites lo-
cated directly downwind of ur-
ban area in prevailing winter
ar annual wind direction, or
symmetrically about the pri-
mary/secondary siting areas
(see text). -

|
1s Purpose of Site to Assess 50z
Assess 507 R Transport or Measure Regional Mean Regional Mean
Transpart Concentrations? Concentration
[ / Y
Interstate, urban area Interstate, general Intercity
1 y
Tentative primary site located Tentative Siting Single Site: Tentative

area located as
near as possible
to state line.

If only one site
is considered,
then locate on
winter windward
side; f.e., state
line toward maxi-
mum winter wind
frequency

siting area located not
less than 30 km from
large urban area upwind
in most frequent winter
wind direction (aTsz,
see Table 4-2). Addi-
tinnal sites may be la-
cated same distances
upwind in the next most
frequent winter wind
direction

\

Eliminate Prospective Specific Sites Within:

# 30 km of large point sources, e.g,, 400 MW power Dlaﬁt.
15 km of medium-sized town, population 25,000.

e 10 km of large industrial source, emissions 500 T/yr.

® 0.6 km of individual heme {103 gal/yr of 42 vil).

Avoid Tow lying areas.

(see Table 4-2)

Tentative siting area located not
less than 30 km from nearest urban
area. Urban area should be toward
direction of the lowest winter
wind direction frequency and in an
area characterized by flat concen-
tration gradient, as revealed by
diffusion model output, and in an
area of uniform topography

FIGURE 4-1.

)

Site Characteristics: Trailer or
existing permanent structure,

Inlet Heiqht:

3-10 m above ground.

Flow chart showing procedures for locating

general-level regional=-scale stations.

31




TABLE 4-1

Example of a Tabulated Wind Summary
(taken from the National Climati¢ Center, Asheville, N.C.)

PERCENTAGE FREQUENCIES
OF WIND DIRECTION AND SPEED:

HOURLY OBSERVATIONS OF WIND SPEED
(m MILES PER HOUR av
OIRECTION
Qw3 4=7 [ 8=tz |13t 19aza| =Nt {20 |W-w v TOTAL sree0
_ over

N + | 1 2 1 + + 41l1le4
NNE + | 1 2| 1 +| o+ ) 4 {1045
NE + 1 3 2 + + 6|11.7
EN + 1 2 1 + 4114
E- + 1 1 + + 3| 9.0
ESE + 1 1 + . 2| 8.6
SE + 1 2 1 + + 4| Ba9
S55€ + 1 2 1 + + 411140
S 1 2 2| 3 2 1 + 10:13.3
SSW + 1 1 3 2 1 + 8 |le.4
Sw * 1 1 3 2 1 + + 8 (15.5
W5W + 1 3 4 4 1 + + +| 14 (173
W + 1 3 5 3 + + + 121153
WNW + 1 2 3 1 + + 7 |l4a6
NW + 1 2 2 1 + 6 (13,1
NNW +1 1 1 1 + + 4 (120
CALM + +
TOTAL 4 13|30 3017 5 1 + + {100 ]13.5

MILES PER HOUR

%N -3 6.3 16.30 >30
CALMS o]

o] 3 10 15 20 25 30
CIIIIT T I n 1 ]

PERCENT FREQUENCY

FIGURE 4-2. A typical wind rose with wind-speed information
(taken from Slade, 1968).

32




Maps showing the physical features--natural and "man-made--of the region
are important since the monitoring purpose and location of the monitors are
based on the nature and distribution of these features. Demographic and emis-
sion inventory data will provide additional useful inputs.

-The selection process begins by deciding on the siting objective after

which a specific series of steps is followed. This process is prasented be-
low.

4.2.1 Regional Mean (Background) Concentration Stations

A tentative siting area should be established no closer than about 30 km
from the jurisdictional boundary of any major urban S0, source area in the re~
gion. (Consider a city with a population of 2x10° or more as gonstituting a
major urban area.) The nearest major urban area should be toward the diree-
tion of the lowest winter (Dec, Jan, Feb) wind frequency. If available, a
winter seasonal (or annual concentration map generated by a diffusion model
can be utilized to ensure that the tentative siting area is not located in an
area characterized by a steep concentration gradient (>= 0.5 ug/ms - km).

The topography of the region containing the urban 80, source areas, the
tentative siting area, and the NWS station from which the wind rose data orig-
inated should be reasonably uniform.

4.2.1.1 Local .Characteristics, Interferences and Tnlet Placement

Guidelines for considering local physical characteristics, proximity of
interfering sources in the vicinity of the final site and instmiment inlet
Placement are the same for all regicnal scale stations. Once the siting areas
have been established, individual Prospective sites should be eliminated on
the basis of the proximity of small, local SO, sources that may unduly influ-
ence the measurements. These sources, or source types, and corresponding
"interference" distances* are shown in Table 4-2. Regicnal scale SO monitors
should be sited mo closer to these sources than the interference distances.

Since low lying areas are associated with relatively hicher inversion fre-
quencies, they should be avoided. Open or sparsely forested areas are recom-
mended with the instruments housed in an existing permanent structure or trailer
Since all pollutants are well-mixed in the vertical over outlying areas, exact
inlet height is not important. a height range of from 3 to 10 m above the
ground would be reasonable. In densely forested areas, the inlet tube should
be raised a few meters above the tops of the surrounding trees.

Figure 4-3 is a schematic illustrating the tentative siting area for a
regional mean concentration station.

* The interference distances are defined in Section 5.0. They were develcped
via solutions to the Gaussian point source formula by assuming certain
"worst case" conditions.

33



- TABLE 4-2

Source Types and Related Interference Distances for
Regional Scale Monitoring Stations

Source Type Interference Distance
Large point source (e.g., a 400 MW power plant) 30 km
Industrial source (500 tons SQp per year) 10 km

Towns (various size population)

50,000 ' 22 km
25,000 o 15 km
12,500 10 km
6,000 7 kn
Individual home 0.6 km

Site selected from
choices within .
shaded area.

WIND ROSE

_INDUSTRIAL .7
“CENTER™

—_— —_—

-
URBAN ™
Ay

ra

FIGURE 4-3. Schematic illustration showing tentative siting area for
regional mean background concentration stations,
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4.2.2 S03 Transport Stations

502 transport stations may satisfy several siting objectives. Three such
objectives and the siting procedures for establishing the stations are dis-
cussed below.

® Interstate SO, Urban Transport Sites. These sites are estab-
lished for measuring incoming interstate 502 that originates
from a large urban complex outside of the state (e.g., New
York City/Comnecticut; Chicago/Indiana). A primary siting
area should be located as close as possible to the state line
opposite the out-of-state urban area, but no closer than 30
km to an in-state major urban area. If the state or part of
the state is directly downwind of the out-of-state urban area
in the winter prevailing directiocn, a secondary siting area
could be established near the state line, as described above,
but directly downwind (winter) of the urban area. These are
illustrated in Figure 4-4. Alternatively, a series of stations
could be placed symmetrically about the Primary or secondary
siting areas (to cobtain horizontal profiles of incoming pollu-
tant, for example).

A -
SECONDARY S .
SITING AREA ~ATeelgir sl

4

WIND ROSE - /
o -~
\?”a—ag-__h__“ ,
v
A==t IN-STATE
- //-* = URBAN CENTER

-"“--..
QUT-0F-STATE / PRIMARY
RBA 51
URBAN CENTER / ~ N ‘TING AREA
e e
/
s

FIGURE 4-4. Schematic illustration éhowing primary and secondary siting areas
for interstate urban transport stations.
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® Interstate SO, Transport-General. If there are no major
out-of-state urban areas contributing significantly to in-
coming S03, a general SO transport station can be estab-
lished anywhere (but no closer than 30 km to an in-state
major urban area) along the winter windward state line.

® Intercity SO2 Transport Sites. If SO, flux entering a city
is desired to be measured, a primary siting area may be es-
tablished ypwind of the city boundary in the most frequent
winter wind direction, at distances which depend on city
size. These distances arange from about 30 km for cities
of 2x10° population or more to 15 km for small towns of
25,000 population (see also Table 4-2, "Towns"). Secondary
siting areas c¢an also be established toward the next most
frequent direction, etc. Figure 4-5 shows the location of
the siting areas for intercity S0O7 transport stations. Al-
ternatively, other sites may be established directly between
two cities, without regard to wind direction, to assess the
exchange of S0, between the two cities. Similarly, as for
the siting areas for regional mean concentration stations,
the topography of the entire region should be reasonably
uniform.

Guidelines for considering local characteristics, interference distances,

and inlet placement are the same as for regicnal mean concentration stations
(see Section 4.2.1.1).

ﬂ_._.~f—-—-—*""‘““*-*""‘""""—F—__“___'__—_____"““""*---——-———""“*-—~H____““h

SECONDARY
SITING AREA PRIMARY
SITING AREA

URBAM

CONTER

FPIGURE 4-5. Schematic¢ illustration showing primary and secondary siting areas
for intercity background stations.
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4.3 GENERAL-LEVEL, NEIGHBORHOQD-SCALE STATICONS

There are three major siting objectives associated with neighborhood-
scale stations--monitoring emergency episcdes, determining baseline concen-
trations in areas of projected growth, and monitoring S0y concentrations to
which certain human populations are exposed. The specific objectives chosen
for which monitoring will be undertaken will determine, in large measure, the
Siting procedure and kind of background information required.

Figure 4-6 shows the recommended procedure for locating the three kinds
of general-level, neighborhood-scale stations. The first step is to decide on
the objective of the monitoring, after which follows the gathering of back-
ground information and the site selection process itself, as discussed below.

4.3.1 Emergency Episode Stations

The background information reguired for the proper siting of emergency
episode stations inecludes:

® Emissions inventory of point and area sources,
® USGS map of urban area, and
¢ Sanborn map of urban area (see Appendix D).

Prospective emergency episode stations should be located near the center of
the maximum low-level emission zone (s) of the urban core. The maximum emis-
sion zone can be found by plotting the SO, emission rates of the area source
fraction of the inventory, in tons per year per UTM grid square*, on a gridded
USGS map of the urban area. Isopleths of constant emission rate may be drawn
as an option to reveal the center (s) of the zone(s). Mobile sampling may also
be undertaken during an actual episode or in near-episode conditions (e.g., in
the morning when winds are light and variable) to better define the general
area of maximum concentration. Figure 4-7 is a schematic illustrating the
general location of the prospective siting area.

The final site is selected from a list of candidate sites located near
the center of the zone in accordance with the desirable site characteristics
and inlet placement criteria as shown in Table 4-3. In general, because very
little turbulence and unsteady winds usually prevail during atmospheric stagna-
tions, undue influence from an individual nearby source is minimal. However,
if the data from this site is to be used to supplement data from peak concen-
traion stations, then the site characteristics should be consistent with the
criteria shown in Table 4-5 (see Page 45).

* Emission inventory grid systems normally utilize the kilometer-based Uni-
versal Transverse Mercator (UTM) system. UTM tick marks are shown in the
margin of most USGS maps.
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What is the siting objective?

|

Emevrgency Episode Monitering : Population Exposure/Projected Growth Monitoring
Assemble Background Material: Assembile Béckgro!ﬂg Material:
Emission nventory af point and area sources. Emission inventory of point and area SOurces.
USGS map of urban area. Meteorplogical data.
Sanborn maps of urban area. . Other background material (see text).
1 {
Plot urban area source emission rates Perform diffusion model analysis of
by grid on USGS map. Locate tantative region containing areas of interest:
siting area near centar of maximum Winter season.
emission zone(s). Conduct mobile
sampling to better define maximum
concentration zona(s). {

{ Population Expasure Stations Projected Growth Area Statioms
rom population maps, de- From growth maps (populatwn.
1ineate area of interest, land use, industry, etc.)

!

|

Final Site - Genaral Characteristics: Superimpose winter 507 | deiineate area of interest.

concentration pattern over | Suparimpose winter SOy conw
|

Site Location. Trailer or existing
e area of interest. centration pattern Over area
permanent structure, Ht ¢ 0.8 of of {nterest

mean building height. No 507
source on roof,

‘Inlet Location. Precise location : Y .
not critical; 1ittle turbuience/
no steady winds, undye lacal in- YES | s one station sufficient to represent |

fluence minizal (see Table 4-3). concentration over area of interest?

Subdivide Area

[

Depending on size of area, follow:

Locate siting area at center of area of
interest and identify with 0.5 to 1.0 km

di aomter circle.
Regignal-scale procedures (Section 4.2.1).

Deterwine pruvailing winter wind direction
and direction associated with short-term | Middle-scale procedures (Section 4.4.3).

peak concentration (see text). r : Neighborhood-scale procedures.

From inventory, Sanborn maps and/or photographs, identify all seurce points aver designated areas
wpwing of siting area. Construct 10°/20° plumes from each source point in the downwind direction
over designated areas. Consider both wind directions. Then choose prospective gsites well within
buflt-up sections of the siting area.

Eliminate specific sites located within 10°/20° plume sectors and bulldings with stacks from con-
sideration. Choose sites such that impacts from SDp saurces in other directions are minimized.
Attempt to satisfy prevailing and peak concentration monitaring with one site.

Fina) Site - General Characteristics:

“TRooftop. Tt =< 0.3 of mean bullding height and 1-2 m above roof. Inlet on windward ¢ide of building.

ntermediate Meight. Similar to rooftop. Locate inlet no closer tham 1-2 m from Building.

Enler. Locate in non-parking lot. If possible. avoid 1ot around which are buildings with stacks.
InTet height, 3-5 m above ground (see Table 4-5).

FIGURE 4-6. Flow clart showing procedures for locating general-level
neighborhood-scale stations.
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FIGURE 4-7 General location of emergency épisode siting area.
Numbers indicate relative emission rates. Each
grid square equals 1 square kilcmeter.
TABLE 4-3
Site Characteristics and Inlet Placement Criteria
for Emergency Episode Stations
Station In'le: Placement Criterfa
tal . !
Location Helght Height arizon Horizontal of
Above Ground Above Roof ﬂgygr‘\gag:x:ture Inlet Placement Remarks
Somewhat less than|Not critical. Be- Inlet may be placed 1
Rooftop mean height of tween 1-2 m, and Not Applicalbe anywhere on revof, but| Ho $0; source on
buildings in zone |away from dirty/ (NA) away from dirty/dusty roof
or Yower{<-0,80)*dusty areas. areas.
Inlet may be located
Intermediate S on any side of build-
Heignt on g,,oft:s MA > 2 weters  |ing, preferable the | "0 302 ;g:rce on
_ Building P side away from near- T
est sources.
If possible, avoid
parking lots and
other lots around
which are buildings
Tratlor 3.5 meters 1-2 meters M NA with stacks. If lo-
cated in park, avoid
sites under thick
“forest™ canopy.
* H = mean building height in zone.

39




As a supplementary procedure, population figures could be utilized in a
manner similar to that described above for S0, emission rates, to determine
populaticon densities and characteristics (e.g., age frequencies in the maximum
emission zone.

4.3.2 Population Exposure and Projected Growth Monitoring Stations

Siting procedures for these two siting objectives are very much the same
after the subject population areas and projected growth (residential, indus-
tiral, ete¢.) areas have been identified and delineated. Since the monitoring
of air guality in regions of projected growth is related to the EPA-mandated
AQMP process, the reader is referred to Vol. IX of the EPA's Maintenance Plan-
ning Guideline series of documents (discussed briefly in Section 2.2.7 of this
report} for additional information. The siting procedures for projected growth

monitoring sites presented below are consistent with the concepts discusses in
that document.

The background information and other aids that would be useful for selec-
ting population exposure and projected growth stations include:

e Enmission inventory of point and area sources.

® Meteorolegical data reflecting conditions imposed by topo-
graphical and land use setting;* winter season.

® USGS/land use/population mpas of area.

® Air Quality Maintenance Plan (AQMP). Co
¢ Sanborn maps of urban area.

® Air Quality Display Model (AQDM) or eguivalent.

The emissions inventory and metecrological data will provide the reguired in-
put to the AQDM for generating an SO concentration field over the areas of in-

terest as well as providing information on the leocation and strengths of all
point sources in the urban area.

After assembling the required background materials, delineate the subject
population area and/or the projected growth area, depending on the monitoring
objective chosen. Simulate an 50,5 concentration field over the region contain-
ing these areas using the AQDM with the emission inventory and meteorology re-
flecting winter quarter conditions, If the areas of interest are located in
large urban areas (population > 10 ), use a half-life of 1 hour, otherwise use
a 3-~hour half life. Superimpose the concentration map over the areas of inter-
est. At this point, it must be determined whether measurements from a single
site located within the area of interest will represent the entire arsa of
interest. The following general procedure {and illustration shown in Figure
4-8) is recommended for making this determination.

* (Consult diffusion meteorologist to estimate conditions.
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50, CONCENTRATION PATTERN (Vinter) AREA

FIGURE 4-8.

1SOPLETHS
' {’5 _ Schematic illlustrating
typical concentration pat-
tern over delineated Popu-
lation or growth areas of
interest; (a) area in flat
Part of gradient, one sta-
tion probably adequate to
represent concentrations
over area; (b) probably two
sites required; and (c) pos-
sibly three sites required: .
urban setting, representing
neighborhood or middle spa-
tial scales.

If the concentration gradient over the area of interest is no
more than about 0.5 ug/ma km, or if the distance between the
center of the area and the hearest sources are at least equal
to those shown in Table 4-2 lassume monitoring site is near

the center of the area), then measurements from a single sta-
tion located near the center of the area of interest will prob-
ably represent the entire area of interest (see Figure 4-8a),
Use regional-scale station Procedures to determine site char-
acteristics and inlet placement (Section 4.211),

If the extreme concentrations over the area are not within
about 25 percent of the mean concentraticon, then a single site
may not be representative of the entire area and more than one
station will be necessary to represent the range of cancentra-
tions over the area of interest. Divide the area into sub-
areas (preferably along an isopleth) until the extreme concen-
trations over each sub-area are within 25 percent of the mean
value (see Figure 4-8b,c). Siting areas should be located
near the center of each sub-~area. If the sizes of the sub-
areas are in the middle scale range (<0.5 km), then middle-
scalé procedures should be followed (see Section 4.4.3).

The tentative siting area within each sub-area (neighborhood) should be
in the vicinity of the mean concentration point of the neighborhood, which is
near the center of the neighborhood. Identify the siting area by drawing a
circle (0.5 t2 1.0 km diameter) near the center of the neighborhood as shown
in Figure 4-9. Locate all prospective sites within the siting area and well
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inside of any built-up area. Eliminate from consideration all buildings with
SO, source points (stacks). At this point, an elimination process begins, the
result of which is the selection of the final site location; Figures 4-9 through
4-11 illustrate the process. The first step is to establish two "upwind” di-
rections (Figure 4-3). One direction is toward the prevailing winter wind di-
rection* and the other is the direction toward the center of the maximum emis-
sion zone of the nearest urban area from the tentative siting area. The latter
direction represents the most probable direction associated with the maximum
short-term concentrations (high background from urban center plus undue local
influences). Construct "sector boundaries” upwind of the siting area in both
directions as shown. These boundaries enclose the areas containing the most
important potential "interfering" SO2 sources. An arc is then drawn at a dis-
tance from each prospective site equal to the "point source interference dis~
tance" (PSID).** These distances, for 3 degrees of land use intensity, are |
shown in Table 4-4 (see Section 5.1 for discussion). Then, from emissions
inventory data, Sanborn maps and/or photographs, identify and plot the loca-
tions of all SO, point sourcest within the siting area itself and the area
enclosed by the sector boundaries up to the PSID as chosen in Figure 4-10.

——

Winter Wind Rose "””/-‘k\““~:___

Wind direction
associated with
maximum frequency
of impacts from
nearby sources-- N e
‘,(\

most likely the \\<( -‘\
winter prevajling N

direction. ," N Sector ‘
\ /

Neighborhood Scale
Area of Interest

Siting Area .
+ 1 km~ T A P

ey oo G g o e o — oy e, -

—_"_’\ //

FIGURE 4-9. Schematic illustration of intermediate step by which
neighborhood-scale stations are located; identification
of siting area, and establishment of sector boundaries
within which sources are of concern.

* This wind direction should be associated with the maximum frequency of
occurrence of impacts from nearby scurces within the siting area. Direc-—
tions other than the winter prevailing may be chosen; appraisal by agency
may be necessary.

** The point source interference distance (PSID) is the distance beyond which
point source impacts are no longer significant at the monitoring site.

+ ©Point sources include all sources identified as such in the emissions in-
ventory.
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1 ne?,;i’tﬂﬂ t% ’
Wind direction - / Y7ban :d Lhe
assoclated with | ‘ Fes, J
mximm frequency I ’
of 1mpacts from N Sector boundaries /
nearby sources-= *. i ® /
mst 1ikely the ~ ' / KEY
:}nter'pnvaﬂing ® AN I' / ——a
rection, AN ’
‘ © Point sources.

® Prospective sites unduly
influenced by point
soyrces,

O (Candidate sites, to be
subjected to -minor
source influence
analysis.

PSID = 1000 m.*

* Urban area; see Table 4-4 for
PSIDs associjated with other
development intensities.

é}tiﬁg Area
- 1 km -

FIGURE 4-10. Plan view blowup of siting area of Fig. 4-9 illustrating the tech-
niques by which final candidate sites are selected.

KEY

———

* Minor sources (area
source elements),

O Final monitoring site,

® (andidate sites elim-
inated dye to minor
source influence.

MSID =-200 m.

FIGURE 4~11. Blowup of Fig. 4-10 illustrating the technique by which the final
site is selected.
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TABLE 4~4

Interference Distances for Three Development Intensities*

Interference Distances

Minor Sources (MSID)| Point Sources (PSID)

Urban 200 m 1,000 m
Suburban 100 m _ 2,200 m
Rural 60 m 3,200 m

The final candidate sites are determined from the following analysis:

e Construct 10° plume sectors downwind of each point source
within the PSID of each candidate site.

e Use 20° for the nearest sources (within a city block oxr two).

s Eliminate prospective sites that fall within any 10° and 20°
sector (eliminates undue influences from nearby sources).

The remaining sites represent the set from which the final site will be selec-
ted. In a similar manner, identify and plot the locations of all area source
elements** within the area enclosed by the sector boundaries up to the minor
source interference distance (MSID)+ as shown in Figure 4-11. Construct 10°
and 20° (nearby sources only) plume sectors downwind of each source and elim-
inate affected sites. From the remaining sites, select a single site that will
satisfy both winter prevailing and short-term peak concentration directions,
if possible. Also, the site should be selected such that effects from sources
in the other directions from the site are minimal, especially if the wind di-
rection frequency distribution is bi-modal (i.e., high frequencies from two
directions, one being the prevailing direction). The procedures used for the
prevailing winter direction analysis may be used for this analysis. " Figure
4412 shows the siting area and site locations in better spatial perspective.

If the environment of the siting area is rural in character, the desir-
able site characteristics and inlet placement are identical to those for re-
gional-scale stations. The desirable site characteristics and inlet placement
criteria for sites in suburban and urban environments are shown in Table 4-5.

* For discussion, see Section 5.1.

Area source elements are the individual ccomponents of an area source
such -as an individual hame or small office building. They <¢an be
identified on Sanborn maps or photographs.

¥ The minor source interference distance (MSID) is the analog of the

"PSTD" but applicable to the minor sources or individual area source
elements,

44



. : . : Prevailing winter
® Final Monitoring Site wind directian |
Candidate Sites Eliminated

X

_

Direction from
urban center

SITING AREA

FIGURE 4-12. Oblique view of siting area of Fig. 4-11 showing site locations
and urban structure,

TABLE 4-5
Site Characteristics and Inlet Placement Criteria for Neighborhood Stations

Inlet Placement Criteria
Station
g Horizontal
Location H:;gc: H:;ge: Clearance Horizontal of Remarks
Ground Roof Bayond Inlet Placement
Strycture
Rooftap A little Between Not Locate inlet on windward | Ne 30y source on roof of building.
less than | 1 - 2 m | Applicable | side of buiiding relative
the mean and away (N.A,) to the prevailing winter
height of | from wind direction, particu-
buildings | dirty/ larly 1f bluff side of
in meigh- | dusty byilding 15 toward pre-
borhood aAreas vailing direction,
or lower
{<0.8R*)+
Intermediate| Same as N.A. 1 to 2 Same as Rooftop Nlo 507 source on roof of building,
Helght on Rooftop maters
Building
Trailer Jto s 1 to2 Not Mot critical If possible, avoid parking lots and
meters neters Critical lots around which are buildings with
stacks, particularly if nearest
building upwind has a large stack.
If located in park, avoid sites
under thick forest canopy.

* H = mean height of buildings in neighborhood (or in middle-scale area of
interest for middle-scale stations or in zone of maximum emission
densities for emergency episode stations).

t In suburban areas choose a building of low height--preferably one-story.
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4.4 GENERAL-LEVEL, MIDDLE-SCALE STATIONS

Middle spatial scales are the smallest practical scales of measurement in
routine S0j monitoring. Indeed, in an area characterized by a steep SO; concen-
tration gradient (in a general-level sense, not an individual plume) measurements
made at any one site within the area may represent concentrations on a scale no
larger than the middle (see Section 4.3.2).

The major siting objective associated with such scales, in a general-level
sense, is to determine peak levels in urban areas. Other siting objectives are
the population exposure and projected growth objectives discussed in Secticn
4.3.2 (normally associated with neighborhcod spatial scales) for such areas lo-
cated in regions of steep concentration gradients. '

Figure 4-13 is a schematic illustration of an annual SO, concentration pro-
file and associated ground-level pattern that may be observed over an ideally
configured city and shows the steep SOy gradient that is typically observed.

It is within the area of steep gradients that single sites may be located to
measure concentrations representing middle-spatial scales. Also shown in Figure
4-13 are example relative locations of stations sited fox the above objectives.
Actually, most cities are irreqularly configured or have industrial complexes
and power plants off to one side resulting in irregular 503 concentration pat-
terns; nevertheless, the above representation is still relevant.

(a)

Isopleth Spacing

Relative Concentration

L
4 —t . s
t T Ll A I S B T LA B S B R

. . Population Exposure/Projected
Peak Concentration Station Growth Stations

FIGURE 4-13. Schematic illustration of (a) idealized 502 concentration profile;
and (b) its associated ground-level pattern and example site locations.
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Peak concentration stations are "pattern oriented"; i.e., the location of
the peak concentration point of the concentration field determines where the
site is established. Diffusion modeling plays the primary role in making this
determination. .The population and growth sites, cn the other hand, are asso-
ciated with fixed geographical areas and are located within these fixed areas
regardless of the features or characteristics of the SO; pattern over the areas.
The procedures for siting these two kinds of monitoring stations are discussed
separately below,

Figure 4-14 is a flow chart showing the recommended procedure for select-
ing general-level middle-scale stations. If the objective of the monitoring
is to assess population exposures to 503, or areas of projected growth (neigh-
borhood-scale procedure having been deemed inappropriate, Section 4.3.2) the
final steps for determining these sites are discussed later in this section.
Otherwise, the first step is to assemble the required background material re-
lated to the selection of sites to establish peak concentration stations:

. ® Emissions inventory of point and area sources.

® Meteorological data (see Appendix A)

® USGS map of area.

® Sanborn maps.

) AQDM or equivalent model.

4.4.1 Peak Concentration Stations

Perform an 503 simulation analysis of the urban area using the AQDM (or
equivalent model) with meteorological data and point and area source emission
rates reflecting winter conditions (Dec, Jan, Feb).* For large urban areas
(population 3}06), use an 50, half-life of one hour. For other urban areas,
use a three-hour half life. Generate the winter mean, 24-hour "worst case"
and three-hour "worst case" 507 concentration patterns over the area. An ap-
proach for generating such short-term worst case Patterns is suggested in
Appendix B. In any case, a diffusion meteorologist should be consulted.

4.4.1.1 Winter or Annual Peak Concentration Station

Identify the location of the maximum concentration point on a USGS or de-
tailed city map. (This can be accomplished quite easily if one-kilometer model
ocoutput grid spacing and isopleth analysis is used.) Then, draw a 500-meter

* If the location of the annual concentration Peak would be better estimated
by averaging four seasonal simulations rather than the winter pattern alone,
then this should be done:; for example, in cities where there are power
plants, many of which emit peak or near-peak SO; rates in summer. For
cities having less than about 1500-2500 heating degree days per year, a
single annual simulation should suffice, unless industrial sources and/or
bower plants exhibit seasonal emission patterns.
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What is the monitoring objective?

\

Population Exposure/Projected Growth Sites:
ifrom Section 4.3.2)

Assume that division of area of
interest into middle-scale parcels
has taken place.

)

Determine the prevailing winter
wind direction and the direction
toward the maximum emission zone
of the city.

From AQDM run obtain
the worst-case wind
directions associated
with the worst-case
concentrations. De-
termine the prevailing
winter direction.

[

Peak concentration monitoring.

Assemble background material (see text).

)

peak Concentration Stations:

Using AQDM and appropriate meteorological data,
generate winter {or annual) 24-hour and 3-hour

worst-case S0 patierns over the-iarea of inter-
est (see Appendix B). In large urban regions,

use half-1ife of 1 hour, otherwise 3 hours.

Select siting areas within 250 meters of maximum
concentration points (winter or annual, 24-hour
and 3-hour maximmms). Emergency episode site,
if established, may serve as heat island peak
site to supplement or replace 3-hour peak site
above (see text).

i

From emissions inventory data, Sanborn maps or survey identify all S0z source points
in the .general upwind directions from each prospective menitoring site up to 200 m
(SID) out from the site (see Sections 4.4.1.1 and 4.4.1.2).

Construct 10° plume sectors from each source point in downwind direction for
all source points identified previously.

)

minimized (see text).

Eliminate specific sites located within 10° plume sectors and buildings with stacks from
consideration. Choose sites such that impacts from 50y sources in other directions are

Final Site - General Characteristics:

ward side of bullding.

Trailer. Locate in non-parking lot.
With stacks. Inlet height, 3 to 5 meters above ground (see Table 3-5).

Rooftop. Ht < 0.8 of mean building height and from 1 - 2m above rvof. Inlet on wind-

Intermediate Meight. Similar to rooftop. . Locate inlet no closer than 1 to 2 meters
rom building.
If possible, avoid lot around which are buildings

FIGURE 4-14.

Flow chart showing procedures for locating general-

level middle-~scale stations.
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diameter circle centered on that point. This circular area represents the
uppexr limit of the middle spatial scale and defines the most probable area
within which the maximum winter (and anmual) peak concentrations occur.

Locate all prospective monitoring sites within the circular area. Elim-
inate from consideration all buildings with S0, source points (stacks). Next.
using a procedure similar to that described for neighborhood stations, estab-
lish the prevailing winter (or annual, whichever applies) upwind direction
and draw arcs 200 meters from each prospective monitoring site in the ypwind
direction. This 200-meter distance is the "source interference distance"
(SID).* See Figure 4-15 for an illustration of the procedure.

Wind direction
associated with

max frequency of
impacts from nearby
sources probably
the winter prevail-
ing direction.

* Source points,

O Prospective monitoring
sites unduly influenced p
by nearby sources. Siting Area

® Candidate sites from
which final selection
will be made.

SID = 200 meters. - \. .l Peak Concentration Point

City
Boundary

Winter or Anpual SO2 Pattern in Urban Area

FIGURE 4-15. Schematic illustration of middle~scale siting procesdure
for peak concentration stations.

* Since we want to measure the maximum collective annual impacts from all
point sources, the SID applies only to area source elements. In that
sense, the SID is analogous to the PSID.
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From the emissions inventory, Sanborn mapsg and/or survey results identify
and plot all SO, source points (stacks) within the siting area and up to the
S$ID in the upwind direction. Draw 10° plumes downwind from all source points
located within the SID of each prospective monitoring site as shown. The
final site is selected from among those sites not intersected by a 10° plume.
Since we are now dealing with spatial scales in which we are becoming inter-
ested in impacts from local sources, the use of 20° sectors is not so impor-
tant and their use is optional.

The above analysis should be extended to other wind directions proceed-
ing from the next most freguent until only one prospective site location re-
mains, This will be the final site location and could be considered perman-
ent. The physical characteristics of the site and inlet exposure are the
same as those shown in Table 4-5 (see Page 45).

4.4.1.2 24-Hour and 3-Hour Maximum Concentration Stations

The procedure for locating these stations are the same as for the annual
peak station except for the following points.

1) Assume that the short-term peaks occur in winter. Their loca-
tions will be determined on the basis of winter simulation
analyses.*

2) The wind directions used will be those of the worst case mete-
orology--i.e., those which are associated with the 24-hour and
3-hour concentration peaks.

3) Regarding the peak 3-hour station, prospective stations should
be considered temporary with the final site location refined on
the basis of mobile sampling. Such sampling should be done when
the 3-hour worst case meteorological conditions are forecast.

4) There is an alternative to the 3-hour site location as deter-
mined from the above analysis. It is possible that the 3-hour
peak concentration occurs under an inversion sitmnation with a
general inflow of air toward the urban center ("heat island"
affect). The urban center here can be considered the area of
the maximum SC; emission density due to area and point sources,
analogous tc that assoclated with the emergency episode sta-
tions, It is not unlikely that the maximum temperature excess
point, air inflow convergence point, and peak concentration
point will he found near the center of this area. Thus, un-
less the addition of point sources to maximum emission zone
calculations significantly changes the location of the zome
based on area sources alone, or if the city is geographically
complex, the emergency episode station(s) can be considered a
heat-island related 3~hour peak station as well,

* If only major point sources contribute significantly to urban SO5, see

Section 4.5.
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It is possible that some or all of the Peak concentrations (3-hour, 24-
hour, and annual) occur near the same location. In these cases, only one site
will be required and located/verified by using the procedures applicable to
each averaging time involved.

If there is a choice between the 3-hour peak site based on diffusion mo-
del results versus the emergency episode station, consider both but make the
final decision on the basis of mobile sampling (as addressed in Item 3 above)

results. See Table 4-5 (Page 45) for site characteristics and inlet exposure
criteria.

4.4.2 Population Exposure and Projected Growth Stations

The siting procedures for these stations are a continuation of the pro-
cedure described in Section 4.3.2 (second item of decision process for deter-
mining number of sites required for characterizing area of interest) and by
Figure 4-8c (see Page 41). Therefore, at this point it can be assumed that
the area of interest has already been divided into an appropriate number of
middle scale parcels, The siting procedure continues by first establishing a
siting area in each parcel. Try to limit the siting area to the central strip
of the parcel as shown in Figure 4-16. Then, use the annual peak station sit-
ing procedure discussed in Section 4,4.1.1, but with one additional wind di-
rection--that defined by the direction of the siting area and the center of
the maximum emission zone of the city (for example, see Figure 4-9, Page 42).
This wind direction defines the most probable direction associated with the
shorter term peak concentrations resulting from center city sources, which
almost certainly impact essentially uniformly over the entire parcel.

Population
exposure/projected
growth area
of interest

Idealized ground leve] \\
urban $0, pattern

Siting Area for Parcel | _//V_: k ’
Siting Area for Parcel 2 — 7 —"

~ i
/.H” ‘H‘:“",,

P
<l g

i

.

FIGURE 4-16. Schematic showing population exposure or projected growth area
divided into middle-scale Parcels and recommended siting areas.
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The final site should be chosen such that nearby local sources in this direc=
tion also will not unduly impact at the monitoring site.

4.5 PROXIMATE, MIDDLE-SCALE STATIONS ~ Urban Sources

There are two siting objectives associated with proximate, middle-scale
stations——assessing the impact of a major point source in-a multi-source urban
setting, and assessing the impact of an isolated point source. The procedures
for siting monitors to satisfy the first objective are heavily dependent on
the results of multi-source diffusion model simulations, point source diffu-
gion calculations and "X/Q" +type analyses. For the second objective,
knowledge of plume behavior in various terrain environments, special surveys,
and mobile sampling results may also be required. Although middle-scale
measurements are associated with both objectives, the selection procedures
for siting monitors to achieve the two objectives are totally different. In
this- section, only the first objective is addressed. Isolated point source
monitoring is discussed in Section 4.6.

Figure 4-17 is a schematic illustrating the concept of the impact of a
major point source in an urban setting. In this situation, the specific sit-
ing objectives are to:

® measure the impact of the point source at the urban peak
concentration point (Figure 4-17a, point X), and

® measure the maximum impact of the point source itself (at
point P of Figure 4-17a,b).

Averaging times of 3 hours, 24 hours, and one year should be considered,
particularly the shorter averaging times.

Figure 4-18 is a flow chart showing the procedure for locating middle-
scale stations for assessing the impact of individual urban point sources.
The first step is to assemble all background information. This will include:

® pPhysical data from point source
- peak and daily mean production rate of 30,
- stack parameters
- exact plant location,
® PFnission inventory of point and area sources.
® Meteorological data
- stability wind roses (see Appendix A)
‘= wind persistance tables (see Appendix B, Part I).

® USGS/Sanborn maps of urban area.

® Frequency statistics of hourly wind speed and direction
(annual data).
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Assemble Background Information (see text)

\

Establish a General-Level Site for assessing
- the anngal urban peak concentration (see Section 4.4.1)

\

Annual fimpact point [J-s Establish
: sites for
monitoring
Y peak impacts
of subject
Using point source data, point source
annual metsorplogy, simulate

Short-term impact points

\

Using procedures for isolated point source
monitoring (see Appendix B, Sec. II)

an annual $07 pattern around
the source.

appropriate meteoralogical data and
emission ratas, determine the locations
of peak 3- and 23-hayr impact points
(see Section 4.5.2).

Seleet siting areas as close to
peak concentration points as passible

\

in Section 4.5.1 for the annual

From inventory, Sanborn maps, or survey, identify all source points
fn the upwind directions from each prospective monitoring site up
to 200 meters (SID) out from the site.
directions are toward the subject point source location from each
monitoring site, plus other directions as discussed

The upwind

impact point station.

)

direction for all source points

Construct 10° plumes from edch source in the downwind

previously identified.

\

with stacks from consideration.

Eliminate spacific sites located within 10° plume sectors and buildings
Choose sites such that impacts
from S02 sources in other directions are minimized.

\

2]

Annual impact point site?

YES

)

From wind statistics, determine
frequency of dowmwash
conditions. Do mobile

sampling either as routine or
to adjust permanent
location.

Final Site - General Characteristics

Rooftop. Ht < 0.8 of mean building Mt and 1-2m
above roof, Inlet on windward side of building.

Intermediate Ht. Similar to rooftop. Locate
niet no closer than 1-2m from building.
Trajler. Locate in nom=-parking lot. If possible,
avoid lot around which are buildings with
stacks. [nlet nt, 3-Sm above ground
(see Table 4-5)

FIGURE 4-18.

Flow chart showing procedures for locating

proximate middle-scale stations.,
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4.5.1 Annual Peak Concentration Stations

4.5.1.1 General-level Urban Peak Station

If a monitoring site has not already been established to monitor the
general-level (urban) peak annual concentration, establish such a site (point
X in Fig. 4-17a) by using the procedures presented in Section 4.4.1.1 for the
annual peak stations. However, in the procedure for dealing with undue local
impacts (illustrated in Fig. 4-15) consider the direction toward the subject
point source.from the siting area (direction "1", Fig. 4-17a) as well as the
winter (or annual) prevailing direction.

4.5.1.2 Proximate Station

_ The remaining steps of this procedure pertain to the siting of an addi~
tional monitor to assess the maximum annual impact from the point source it-
self.. Using the AQDM with annual* meteorological data, appropriate half-life
value, annual* average emission rate and stack characteristics of the peoint
source only, simulate the aanual* 502 pattern around the source and establish
a siting area centered on the maximum concentration point, Point "P" in Figure
4-19 (which is point "P" in Fig. 4-17a). Figure 4-19 shows the annual 502
pattern due to the point source only. The next few steps are the same as
those discussed in Section 4.4.1 (illustrated in Fig. 4-15 in that section),
except that an additional direction must be considered for identifying another
critical sector that contains sources which may produce undue influences--
the upwind direction between the siting area and the subject point source
(direction "2", Fig, 4-17a); however, this direction is probably the same as
the prevailing wind direction for the time period simulated. Use Table 4-5
for final site characteristics and inlet exposure.

4.5.2 24-Hour and 3-Hour Maximum Concentration Stations

These stations are analogous to the 24-hour and 3-hour maximum concentra-
tion stations associated with the urban Peaks except that these assess the
peaks due to the subject point source alone (Point "P" in Fig. 4-17b). 1In
this case, we can pretend that the point source is located in an isolated
area of rough topography. The location of the peak 24-hour and 3-hour aver-
age concentration points due to the source, and associated "worst case" mete-
orology can be determined by an approach suggested in Appendix B, Section II.
After determining these locations, use the procedure found in Section 4.4.1.1
(regarding annual peak stations) for selecting the siting area and specific
station locations. However, in this situationm, only one wind direction is
used for determining undue influence of nearby sources--the direction from
the siting area toward the subject point source (direction "3", Fig. 4-17b).

* 1If the emigsion rates and metecroclogy vary significantly over the year, it

may be better to use the average of four seasonal simulations; if subject
point source emissions are degree-day dependent, use winter meteorology.
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FIGURE 4-19. Schematic illustration showing annual impact pattern due to
urban point source alone, the siting area, and final candidate
sites for assessing the annual impact from the point source.

Before deciding on a final site location, it might be a good idea to de-
termine the expected frequency of downwash conditions. (It is recognized that
over large urban areas in the daytime, downwash conditions are the rule rather
than the exception, especially for the lower level sources. However, for the
larger (and more elevated) sources such may not be the case; but, because the
sources are large, if and when downwash occurs the ground~level impact of such
occurrences could be substantial.) If the wind statistics {(e.g., see Table
4-6) for the area show that the stack exit velocities are less than 1.5 times
the wind speed (Sherlock and Stalker, 1941), or if the height of the stack is
not at least 2.5 times the height of the highest surrounding buildings (Hawkins
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and Nonhebel, 1955), downwash conditions are likely. Sanborn maps or surveys
will resolve the latter situation. To resolve the former, the following pro-
cedure is recommended:

From load curve and/or hourly fuel consump- TABLE 4-6
tion data obtained from the source, determine
the typical hourly exhaust gas flow and velo-
city rates. Then tabulate these velocities
by the hour and compare them to the hourly

Percentage Frequencies of
Sky Cover, Wind, and
Relative Humidity
(Taken from NCC)

wind speed freguencies of Tapl? 4-6 for the S T e i | mmame -

same hour. If downwash conditions will be — ! [ RN
. . wous i P o ;
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tributions from most of the sources in the urban -

area as well as that from the subject point source. The former may be consid-
ered as background noise that cannot be separated from the total. Therefore,
to estimate the percentage of the sampled concentration due to the subject
point source alone, diffusion modeling must be utilized. Figure 4-20 illus-—
trates the recommended approach very well for the anpual situations. The two
vertical profiles on the right side of the figure are source contribution re-
sults computed by the AQDM model at the indicated points of interest. Dis-
played as seen in the figure, they may be interpreted as "source contribution
profiles” and represent the best estimate of what each source contributes to
the total concentration at those points. In this case, there are two points
of interest--the urban annual peak concentration point, and the corresponding
impact point "P" (pattern, lower left corner), where the maximum annual im-
pact from the point source of interest ("10") occurs. The upper profile re-
presents the highest total concentration in the entire urban area, and in this
particular case, source 10 contributes the least to that concentration. (How=
ever, it is more than likely that in the real world any point source worthy of
individual attention will almost certainly contribute substantially to the
highest urban peaks.) The lower profile represents the total concentration at
source 10's maximum impact point, with source 10 being the largest contributor
to that concentration.

In a similar approach, for the short-term impacts, the 3-hour and 24-hour
worst case meteoroleogy, and emission data (appropriate for season in which the
worst cases occur) for the entire urban area can be input to the AQDM to de-
termine the short-term background concentrations at the maximum impact points
of the subject point source. Source contribution profiles may also be gener-
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ated by the model and analyzed in a manner similar to that discussed abave.:

Total concentration of urban
concentration peak

Point “x" of
Figure 4-17a

E Point source
contributions
to the maximum
concentrations.

$0o concentration field over urban
area due to all sources.
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to maximum urban
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Annual pattern due to
source 10 alone

FIGURE 4-~20. Schematic illustration of the concept of the source contribu-
tion profile in an urban area for the annual pattern
(a synthesis of Figures 4-17a and 4-19),.
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These kinds of analyses should be performed at each monitoring site to
estimate the percentage of the measured concentration due to the point source
of interest. The model used can be run either calibrated or uncalibrated,
but appropriate half-life decay factors should be used. A yearly analysis
with updated meteorological and emissions data is recommended in order to ex-
Plain trends and to determine relative effects of control strategies.

4.6 PROXIMATE, MIDDLE-SCALE STATIONS - Isolated Sources

Because of the great variety of physical enviromments in which isolated
point sources* are found, it was not possible to develop a single set of pro-
cedures for selecting sites for monitoring the impacts of such sources applic-
able uniformly, in all enviromments. Therefore, where possible, it was de-
cided to present examples of monitering site configurations, each reflecting
an approach to the site selection problem in a given characteristic physical
environment. In other situations where typical settings can be extremely
varied and complex, only a general description of the kinds of siting prob-
lems expected to be encountered in such settings is discussed, mainly in
terms of "points to consider". It is hoped that these examples will serve as
guides for the site selector in developing the steps necessary for the proper
siting of monitors in specific situations. In presenting the examples, spe-
cific points will be addressed wherever possible to help the site selector
in developing and executing the steps.

The material presented is essentially an expansion of existing guidelines
(EPA,1974b) but with more emphasis placed on the use of the diffusion.equation
and graphical aides in selecting monitoring sites. 2Additional points addressed
include problems of plume behavior in various terrain enviromments and the
role of mobile sampling in the site selection process. In this regard, in
some situations it may be necessary to determine the distribution of the
plume material in order to ascertain the plume's statistical characteristics;
this will require microscale measurements, most easily accomplished via mo-
bile sampling. For a rather comprehensive overview of isolated point source
monitoring, the reader is referred to a paper by Paulus and Rossano (1973).

The situations described in this section will also be applicable to mon-
itoring networks established to satisfy supplementary control system (SCS)
‘requirements. Since these gystems are rather complex and comprehensive
(i.e., they integrate ambient and in-stack monitoring, diffusion modeling,
emission controls, etc. in a predictive scheme) detailed treatment of the
subject was considered beyond the scope of this report. However, a descrip-
tion of the components of a typical supplementary control system can be found
in the Federal Register, Vol. 38, No. 178, Friday, September 14, 1973. See
also Montgomery, et al., (1975) for a description of TVA's SCS system.

* Point sources in this context consist of power plants, sulfide smelters,

sulfuric acid plants, coal conversion plants, or refineries located away
from populated or developed areas.
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The material presented below includes typical examples of isolated point
source monitoring problems expected to be encountered in a variety of physi-
cal terrain settings.: The major role expected to be Played by mobile samp-
ling would be either in routine monitoring or in the refining of preliminary
site locations for permanent monitoring stations. (To maintain the continuity
of the section, the concept of mobile sampling, per se, is discussed briefly
in Appendix C.)

The specific objectives in monitoring the S0> impact of isolated point
sources, regardless of terrain setting, are to:

) determine the short-term maximum concentrations downwind of
the source and where they occur. (Samplers may be placed
where the highest peak is likely to occur and where rela-
tively high peaks are likely to occur .very often. It can
be assumed that the annual standard will not be threatened
by emi;sions from an individual isolated source.)

e determine the background c¢oncentrations by establishing a
monitoring site in the direction from the source opposite
to those above.

The major problem is to account for the effects imposed by the various terrain
settings in determining where to place the monitors to measure the peak values.
The terrain settings addressed below are: f£lat, near coastline, ridge-valley,
and irreqular-rugged.

4.6.1 Monitoring in Flat Terrain Settings

The recommended procedures in this situatjon are very similar to those
given in EPA (1974b). Plumes behave rather well in this kind of setting and
are amenable to treatment with standard diffusion equations.

The first step is to assemble the backgroupd information. It should in-
clude:

e USGS maps of the area.

e Physical data from point source:

- Ppeak daily mean production rates of 505,
= stack parameters,

- exact plant location.

l

Stability wind roses (climatological).

} See Appendices A and B.
Wind persistence tables.

The next step is to confirm that the terrain is. flat so that the recom-
mended siting technigues are applicable. The terrain is deemed to be flat if:

° Terrain elevations more than 2/5 the height of the stack do
not exist within 10 ¥m of the source (EPA, 1974c).
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4.6.1.1 Peak Concentration Stations

After determining that the terrain is flat, a determination must then be
made whether the source should be monitored. A screening technique suggested
by the EPA (EPA, 1974b, Appendix C) is also suggested here for this purpose.
1f the technique indicates that monitoring need not be undertaken, check for

the possibility of downwash situations occurring. Downwash is likely to occur
if:

® the heights of any buildings and other cbstructions that
exist within a distance of 10 stack heights of the source
exceed 2/5 of the height of the stack.

Downwash conditions may also result if the ratio between the stack gas velo-
city (Vg) and the wind velocity (V) is less than about 1.5. In this case, the
effective stack height would be no more (and Probably less) than the physical
stack height and ground-level concentrations would increase. To assess this,
one can do an analysis similar to that described in Section 4.5.2 to estimate
the frequency of downwash conditions. Vary the production rates (and Vg )

and then compare VS to the wind speed frequency (see Table 4-6, Page 57) ex-
pected over the area to estimate an expected frequency of downwash conditions.
Then determine the expected ground-level concentrations by assuming that the
effective stack height equals 1/2 of the physical stack height. If the re-
sulting concentrations exceed the threshold concentration prescribed in the
screening technique, then use mobile sampling when downwash conditions are pre-
dicted. Permanent monitoring sites may be located in "favored" areas if the
mobile sampling results show ground-level Ppeaks consistently occurring in about
the same place. Site characteristics, etc. are discussed in Section 4.6.1.5.

If a need for monitoring has been determined by the screening technique,
but not due to downwash conditions, the estimated locations of the peak 24-hour
and 3-hour maximum concentration points can be determined by a technigque sug-
gested in Appendix B, Part II for isolated point sources. From Appendix B,
Part II, and/or from downwash analyses, then, we have determined the approxi-
mate locations of:

™ the near-worst 24-hour average concentration,

® the near-worst 3-hour average concentration,

. where a very high concentration occurs very often.

4.6.1.2 Background Staticns

The locations of the background stations should be selected to measure
the quality of the incoming air. The difference between this background con-
centration and the peak concentrations measured downwind of the source is

equal to the contribution due to the source alone. Background stations should
be located:

® in the direction from the source opposite the peak
concentration stations,
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These sites should be located within a few kilometers of the source. Figure
4-21 illustrates a possible monitoring site configuration around an isolated
point source in flat terrain.

[ERL A
Nearest Urban Center

Siting Area = R

Isolated Point Sourece

Hnddhmcﬁo:j_‘“_-q-—-ﬁﬁ‘“““~m“h~hnhhk Siting Area
highest 24-hr peak
*\\\\\\\\\a\ ’fqr

Wind direction: ‘ . X4
frequent high

3-hr peak

Wind direction:
highest 3-hr peak

Station No. and Purpose

Isolated Point Source
- Urban transport station.

~ Background station.
Highest 3-hr peak station.
- Frequent high 3-hr peak station.
- Highest 24-hr peak station.

U Lo N
1

FIGURE 4-21, Illustration of pcssible monitoring site configuration
around an isolated point source in flat terrain;
(a) relationship to local geography, and (b) blowup
of siting area.
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4.6.1.3 Pumigation Effacts

It is possible that the highest 3-hour concentrations result from "fumi-
gation". This phencmenon usually occurs as a result of inversion "breakup"
after sunrise. Because of the flat terrain and the characteristic light and
variable wind conditions associated with such a situation, it is unlikely that
a single stationary sampling site could be estahlished for the sole purpose of
measuring such concentrations. The recommendation is to use mobile sampling
when fumigation is predicted to occur. Tt is also likely that at least one
of the other sampling stations will detect the phenomenon occasionally. Sev-
eral analysis techniques for estimating fumigation concentrations and where
they occur are available--e.g., see EPA (1974c), Turner (1974), and Slade
(1968) . : '

4.6.1.4 Role of Mobile Sampling and Final Site Selection

The above procedures can only approximate the location of the peak con-
centration points because:

- The available meteorological data may not be exactly repre-
sentative of conditions in the vicinity of the source (main
reason for erecting meteorological towers).

* For a given wind direction and stability ‘class (from a sta-
bility wind rose) the frequency of wind speed events is re-
ported as occurring within a range of speeds. This wind
speed range would correspond to a distance range along the
azimuth.

L) Diffusion equations are only accurate to within a factor of
two or so.

Accordingly, terrain roughness and road accessibility permitting, mobile samp-
ling should be utilized to refine the site locations, particularly those for
the 3-hour peak stations. When the meteorological conditions that produce the
peak concentrations are predicted, the mobile unit can be dispatched. After a
number of occurrences, a plot of cbserved peak concentration points could prob-
ably be enclosed by a circle of middle-scale dimensions (up to 500 m in di-
ameter); the final site should be located near the center of the circle.

4.6.1.5 Site Characteristics and Inlet Placement

The site characteristics and inlet placement for these sites are similar
‘to those for regional monitoring stations. Since the topography is flat, low
lying areas should not be a Problem; in any case, they should be avoided.
Open or sparsely forested areas are recommended with the instruments housed
in either a trailer or other stationary structure. Inlet height should be no
higher than about 3 to 5 meters. If any buildings in the vicinity are heated
by fossil fuels, be sure that they are not between the monitoring site and the
source. Otherwise, such buildings and clumps of trees create little cavity
wakes which tend to increase the effective sampling volume of the instrument.
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If locating a site in a densely forested area is unavoidable, the inlet tube
should be raised a few meters above the tops of the surrounding trees. Locate
on the lee side of clearings, if possible.

4.6.1.6 Instrument Type and Supplementary Instrumentation .

Since we are concerned with the short-term peak concentrations, continu-~
ous instrumentation will be required at all stations. Instrumented towers for
measuring pertinent meteorolegical variabkles, such as temperature lapse rates
and wind variation with height (also, air -quality as well), are often con-
structed in the vicinity of a large source or source complex (Munn and Stewart,
1967). They are usually required in situaticns where the available meteoro-
logical data is not representative of the source area, as is often the case in
conjunction with the preparation of envirommental impact statements (EIS) prior
to the construction of large sources, Gill, et al. (1967) and the AEC (1972)
describe optimal design configurations for tcwers and how resulting data should
be interpreted, respectively.

4.6.2 Monitoring in Near Coastline Settings

When a tall stack is located near a seacoast or other large body of water
such that sea or lake breezes may influence the SO plume, a phenomenon known
as a "sea-breeze fumigation" may occur. It results when the stack plume, ini-
tially embedded in a stable, sea-breeze flow is convectively mixed down to the
ground downwind. The mixing is caused by a vertically growing mixing layer re-
sulting from the stable marine air being heated from below by the land surface
as it moves inland (van der Hoven, 1967).* an effort to model fumigation oc-
curring inland from a large lake has recently been reported by Peters (1975).
Figure 4-22 is a schematic illustrating the phenomenon. Unlike fumigation
resulting from a nocturnal radiation inversjion, which might only last for
about a half-hour or so, sea-breeze fumigations may last for several hours
due to the constant replacement of stable air by the on-shore flow. These
short-term sea breeze fumigation concentrations may very well exceed those
cbserved over flat terrain away from marine influences and, therefore, should
be monitored, either with appropriately placed permanent stations, or via mo-

COOL MARINE AIR _ C)_MODIFIED_ MAR INE

Dy

bile sampling,
NE AJR
AIR FLOW - ‘ 3
R % 9
i,
VU \ 15
COLD WATER SURFAGE ATED ILLAND SURFACE \

et e g Tt

FUMIGATION

"FIGURE 4-22, .Schematic illustration of a sea-breeze fumigation situation
(taken from Van der Hoven, 1967),

* Tp actuality, this phencmena may occur in any on-shore flow if. the associ~
ated marine air becomes less stable as. it moves inland over a heated ground
surface.
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A recommended procedure for such monitoring is presented below. Tt is
based on the results of a study by Collins (1971) in which the occurrence of
sea-breeze fumigations and where ‘they occurred were accurately predicted. The
concept is essentially universally applicable except where the coastal topo-
graphy is extremely rough. The Procedure also requires that mobile sampling
be utilized. As an illustration of the pProcedure, consider a plume embedded
in a layer of cool marine air at an elevation of 100 meters and moving inland.
Data from the 100-meter level (the same elevation as the. plume) of an instru-
mented meteorologﬁcal or TV tower (or equivalent) are assumed to be available
as well as sea-surface temperatures (either estimated or specially taken).
For the next series of steps, reéfer to Figure 4-23 for flat terrain or to
Figure 4-24 for rising terrain (height of terrain is subtracted from height

of plume above MSL)., From the tower data and sea-surface temperatures, the
following values are computed;

e A6 (potential temperature difference) - the 100-m
temperature (°C) + 0,91°C* minus the sea-surface
temperature (see Figure 4-25).

A indicates the stability of the layer between plume height
and the ground with higher values indicating the more stable
conditions. The more stable the atmosphere, the longer it
takes for the mixing layer to grow and farther inland the
Plume will advance before intercepting the mixing layer.
e U The mean wind speed within the layer of interest
(the wind speed obhserved at the 50-m level).

U indicates the mean wind speed at which the plume and the
Stable air is transported inland. The slope of the upper
boundary of the mixing layer to the terrain is related to
this speed; i.e,, at a very low wind speed the mixing layer
would intercept the plume relatively close to its source
(everything else being equal).

Then, from Figure 4-23 or 4~24, the distance to where the plume intercepts the
mixing layer and, therefore, to the initial point of plume touchdown (fumiga-
tion) is ascertained (typically, 0.2 to 2.0 km from the source), In a sea-
breeze situation, the direction toward which the plume blows is usually a com-
promise between the direction normal to the mean shoreline orientation and the
flow dictated by the large-scale pressure field. If the wind direction at the
50-meter level on the tower is available (after the sea-breeze has passed),
this could be used. The point defined by the distance from the source to where
the fumigation is predicted to take place and the 50-meter wind direction could
be considered the initial starting point of a search for the maximum fumigation
concentration via mobile sampling. In this instance, a vertical sensing capa-
bility would be guite helpful.

* 0.91°C is the adiabatic temperature change that a parcel of air will

undergo when brought down to the surface from a 300-ft (100-m) elevation.
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600

Regarding a permanent station, it would
be feasible to establish one only if the

plume tended to touch down within "favored"
areas,

Over flat terrain, the monitoring of the
Sea-breeze fumigation phenomenon would be
in addition to the monitoring objectives
described in Section 4.6.1.

In practical
applications of the procedure, there is a

Problem of obtaining temperatures aloft at
Plume height (effective height). In the

illustration (Figure 4-25), the temperature
sensor was exactly at plume height--an ideal

sityation not likely to be encountered in
the field. Figure 4-23 is universally ap-
Plicable in flat coastline topography if
temperatures are taken at effective plume

height. Figure 4-24 would have to be modi-

fied to reflect the slope of the ground in
the coastline area of concern.

In all situ-
ations, the services of a diffusion meteor-

ologist is strongly reccmmended.

4.6.2.1 Site Characteristies and In-
strument Inlet Placement

In the event that a favored area does
exist~~i.e., a small area over which fumi-

25 gation occurs--the site characteristics and

inlet placement should be the same as those

for the flat terrain stations (see Section
4.6.1.5). 1In irregular, rough terrain

areas, choose well exposed locations.

boT T
Observed
S00 — Temperature
Profile _
400 p—
3
12
=
2
2 300 —PLUME HEIGHT—» ‘
- \
& \
w \
T 1
200 \
\
\
|
\
1
100 i ]
\
|
|
1
\
1
SURFACE & 4
18 19 20 21 22 23 24
TEMPERATURE (°C)
)
a
4
(03]
| o
o
[ A ————]

FIGURE 4-25, Example of com-

putaticn of A8 (adapted
from Collins, 1971).

4.6.3 Monitoring in Ridge/Valley Settings

This kind of terrain is found mainly in
the Appalachian Mountain area and in parts
of the upland region of several of the west-

ern states. For purposes of this discus-
sion, characteristics of such areas are,

typically, a valley of arbitrary width with parallel walls or ridges and a
more or less definable "up~valley/down-valley” direction.

Because no two ridge/valley configurations are exactly alike, a detailed

treatment of the subject is difficult and the development of siting procedures
uniform for all possible scenarios is impractical.

(For a detailed discussion
of the subject of plume behavior in valleys, the reader is referred to the.

work of Hewson, et al., 1961; Smith, 1968; and Flemming, 1967.) However, from
the descriptions provided by these references, typical situations were derived
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from which a general procedural guideline for siting monitors was developed.
The situations include the likely kinds of impacts expected to result from a
large, elevated point SO, source located in a valley with steep walls and un-
der a variety of meteorological conditions. The kinds of SO; problems asso-
ciated with such a scenario will be briefly summarized below, and followed by
recommended siting procedures.

4.6.3.1 S0> Problemsg

. "Fumigation" occurring shortly after sunrise (see Figure 4-26).
A plume may be embedded in a down-valley drainage flow then
brought down to ground level after sunrise via the fumigation
mechanism,

FIGURE 4-26. Inversion aloft-above stack
{("fumigation"), (taken from ASME, 1968).

o Near intersection of plume with valley wall with a cross-valley
wind flow under stable to unstable conditions (see Figure 4-~27).

e Distortion and downwash of the plume due to wake effects on lee
side of upwind wall (see Figure 4-28),.
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FIGURE 4-27. Plume behavior near a steep bluff when the air is unstable (above)

and when it is very stable(below). (a) Vertical temperature lapse rates in
relation to the critical lapse rate of 5°F/1000 ft, shown by broken line
sloping upward to left: full line--lapse rate measured from grade at plant;
dotted line--lapse rate measured from top of bluff; both show effect of

—

ground surface. Corresponding plume
features as observed (b) looking hor=
izontally parallel to steep bluff,

(c) looking horizontally toward steep
bluff, and (d) looking vertically
downward from above. ©Note that when
air is unstable, effluent moves up
and over the bluff, but when the air
is very stable, as with the inversion
as shown, the bluff acts as a barrier-

to deflect the plume. (Taken from
Hewson, et al., 196l.)
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Figure 4-28,
(a)
Plume dispersion in a deep valley.

With a wind from left to right, as in
Section (a), the plume may be brought
quickly to ground level by aerodynam-
i¢ eddies, Wind from the opposite
direction may create high concentra-
VALLEY LOCATION CWIND GROSS AXIS%) tions on the plateau. (Taken from
ASME, 1968.)
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) Maximum impact points at ground level ‘in the valley when wind
direction is parallel to valley (see Figure 4-29).

(A)

SLUME DIMENSIONS
AT DISTANCES
INDICATED 14 I« tée

VALLEY LOCATION ("Wind AORe amid™)

Cangartration ammyt  (nea’) arovad caninriag

(B) (-8') nasrest Bitiniss
ta-0') sppwnte Milsga

FICURE 4-29. Plume dispersion in a deep valley. When the wind is parallel to

the valley, dispersion tends to occur fairly normally until confined by
the valley walls. Section (A) is a pictorial representation of the dis-
persion; Section (B) shows the associated concentration patterns.. (Taken
from ASME, 1968.)

4.6.3.2 sSiting Procedures,

The first step common to any monitor siting study in this kind of terrain

is to acquire supporting data, information, and equipment such as that listed
below:

° USGS map of area.
) Physical data from the S0, source

- peak and daily mean production rates,

- stack parameters,

- exact plant location.
e Stability wind rose (climatological)

See Appendices A and B.

® Wind persistence tables

e Portable wind measuring system.

° Smoke bombs.
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® Mobile sampling system.

- Cameras.

If the meteorological data originates at an observing site located on the high
terrain outside of the valley,* adjustments of the wind data will be necessary

because of the channeling effect of the valley (a meteorologist should be con-
sulted to determine these adjustments)

4.6.3.2.1 Fumigation Concentration Stations. Fumigation situations in
valleys usually occur under inversion break-up conditions (e.g., see Hewson
and Gill, 19%44). Winds are often calm or variable at typical airport loca-
tions (higher terrain). However, down in the valley drainage and valley flows
may carry plumes down the valley (see Figure 4-30). Since there may be little
or no correlation between airport winds and valley winds in these situations,
it is suggested that plume behavior {e.g., typical direction of movement) be
determined through visual observations via photography, smoke bombs, or photo-
graphing the panorama from a ridgetop vantage point. If the plume follows a
similar trajectory--e.q., consistently downvalley--whenever an inversion situ—
ation occurs, it may be possible to site a monitor in a permanent location
(see Figure 4-3la). While data for developing the plume "climatology" is be-
ing gathered (Photographs, etc.), mobile sampling could be conducted to deter-
mine fumigation concentrations and where the maxima are typically located;
again, a vertical sensing capability would be quite useful. Permanent sites
could be located if "favored" areas are observed, otherwise mobile sampling
may have to be conducted routinely. As an option, fumigation concentrations
may be calculated (by procedures as discussed, for example,' in EPa, 1974c) to
estimate the maximum expected concentrations and the distances downwind where
they theoretically should occur. The 3-hour peak concentration is the averag-

ing time of concern.
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FIGURE 4-30. The diurnal variation of valley winds auring the summer in the
Columbia River Valley near Trail, B.C. Isopleths give average wind speed
compeornients (mph): hatched areas - downvalley (north); unhatched areas -
upvalley (south). (Taken from Hewson, et al., 1961.)
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* For purposes of discussion, assume that such an observing site is a first

order NWS airport weather station taking regqular observations.

71



IWmii'llllhllnhlll
> \\\

FIGURE 4-31. Illustration of plume configurations under a variety of meteoro-
logical conditions and relative locations of sampling sites (X); (a) fumi-
gation situation, (b) plume deflected by valley wall (channeled flow in
valley), (c) plume either deflected over wall under unstable conditions or
passing out of valley due to excessive plume rise. Symbol A is location
at point on wall nearest the source (downwind wall).
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4.6.3.2.2 valley-Wall Impact Stations. When the large-scale wind blows

in a cross~valley fashion, the valley wind direction is often channeled; i.e.,
the resulting direction on the valley flow is a compromise between the large-
scale flow direction and the valley orientation. Depending on the wind speed,
direction, and stability, the plume may either pass over the valley wall or
interact with it (not impinge upon it) and move downwind along it., Under
stronger winds, aerodynamic downwash conditions may prevail.

A wind station will need to be established on the valley floor; utiliz-
ing the gervices of a meteorologist, determine the wind climatology on the
valley floor for various speed ranges and stability classes. From wind cli-
matology, several basic valley-wall impact situations can be deduced. These
situations are listed below along with recommended siting procedures, or
points to consider for siting monitors, mainly for measuring 3-hour impacts.

Stable to unstable conditons, light to moderate winds, high
terrain (airport); channeled wind in valley.

In this situation, we are assuming that the plume will not,
in the case of the stable conditions, clear the top of the
valley walls; neither will it intersect it but will approach,
then be deflected by it and move along downwind parallel to
it (see Figure 4-31b). To assess this situation, the first
step is to determine the most frequently occurring wind di-
rection at the aixrport (from its stability wind rose) for
stable conditions and determine the associated valley resul-
tant direction.* This direction is the vector sum of the
valley flow wind direction and airport wind direction. This
direction defines the azimuth of "intersection" with the
valley wall. A tentative siting area should be established
above the half-way point between the valley floor and top of
the wall where the azimuth intersects the valley wall (see
Figure 4-31b). The final site should be selected on the
basis of visual observations. Caution should also be exer-
cised regarding possible pProlonged and continuous downwash
conditions; cavity flows on the lee side of the upwind wall
may distort the plume near its source.

Under unstable conditions, the plume will either be de-
flected over the valley wall rather than along it, or will
pass out of the valley without any significant impact as
shown in Figure 4-31c. (See Appendix E for available models
that can deal with such situations.)

Stable conditions, light (not variable) cross-valley wind at
the airport; drainage flow in valley.

This situation is very similar to the one above except for
the following points:

*

The valley resultant direction as used here is an estimate of the direction

between the source and the closest approach point of the plume to the valley
wall (or "impact" point). Visual confirmation is recommended.

73



- To estimate the azimuth of intersection in this case, the
valley resultant direction is considered a compromise be-
tween the valley orientation and the airport wind direc-
tion. _

~ Also, since the winds are light, the effective height of
the plume may be above the valley wall and pass out of
the valley with reduced impact at the valley wall and be-
yond (see Figure 4-3lc¢).

Visual observations and the use of standard diffusion equa-
tions, making the proper adjustments for terrain elevation
(see Appendix E for available models), should be made to de-
termine degree of impact and direction of plume movement under
such circumstances. If plume does not clear valley wall, then
the problem is similar to that above (see Figure 4-32a).

e Neutral or unstable conditions, moderate to strong winds at the
airport; cross-valley direction.

Under this situation, the plume is expected to be subjected
to downwash conditions due to either wake effects on the lee
side of the upwind wall or to the contravention of the 1.5 Vs/u
ratio rule or both. In this instance, siting procedures are
difficult to yeneralize. However, suffice it to say that the
highest concentration would occur near the stack and measured
‘most effectively via mobile sampling. Even in this case though,
if favored plume touchdown areas are observed, this would pro-
vide a basis for establishing a permanent station (see Figure
4-32b). Guidance for analyzing the 1.5 ratio rule contraven-.
tion problem was discussed in Section 4.5.2.

4.6.3.2.3 Worst-Case Conditions for Along Valley Flow. This situation
can be handled in a manner similar to that for the flat terrain case for both
24-hour and 3-hour averadge impact assessments. However, a meteorologist
should be consulted for advice. Locate tentative 3-hour and 24-hour peak
monitoring sites using the procedures discussed in Section 4.6.1, Finalize
location via mobile sampling. See Figure 4-32c for illustration.

4.6.3.2.4 Supplementary Monitoring Stations and Concluding Comments. In
all situations, one site should be established at a point nearest the source
on the wall most frequently downwind (based on annual wind rose) and one back-
ground site located a kilometer or so upvalley from the source. Instrument
types, inlet placement, site characteristics and supplementary equipment for
all stations are the same as those discussed in Section 4.6.1. If instru-
mented towers are erected, the elevated point source-in-valley situwations and
related monitoring site selection problems can be treated in a manner more
rigorous than that described above.
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FIGURE 4«32, Illustration of Plume configuration under a variety of meteoro-
logical conditions and relative locations of sampling sitessy (a) plume
deflected by valley wall (calm or valley wind in valley), (b) plume influ-

enced by wake effects, and (¢) maximum concentration configuration in
valley with along-valley flow,
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4.6.4 Monitoring in Rough, Irregular Terrain Settings

Rough, irregular terrain may range in texture from nearly flat to ex-
tremely severe (e.g., the mountainous areas of Idaho, Utah, etc.). Since this
terrain is "irregular" by definition, no typical setting exists. Thus, we
were considerably hampered by this situation in that it did not permit us to
develop a "typical" scenario from which a site selection rationale or method-
ology could be presented, as, for example, in the previous discussion. How-
ever, we dealt with the problem by separating the terrain type into two
"regimes", one in which the setting was characterized by irregular topographic
features of sizes no larger than a typical physical stack height of a point
source (roughly 300 ft), and the other which was characterized by larger fea-
tures, up to and including the extreme mountainous. The former is reasonably
amenable to diffusion model analysis in the more or less traditional sense,
as for example shown by Leahey (1974). In this regard, as will be seen, the
monitor siting approach in this regime can be developed in a manner similar
to that described for flat terrain (see Section 4.6.1). However, plume be-
havior in the latter regime is extremely complex and beyond the simulation
capability of most models. For example, two rather detailed tracer studies
that were conducted by the National Oceanic¢ and Atmospheric Administration
(NOAZ) in mountainous terrain in Utah (Start, et al., 1973, 1974) showed the
extremely complex behavior of tracer material under various meteorological
conditions; the preparation of uniform site selection procedures for achiev-
ing specific monitoring objectives in such terrain is clearly impractical.

In view of this, it seems likely that any effort short of an individual dif-
fusion study, uniquely designed for a given situation, to assess the 503 im-
pact of a new or existing source will probably be unsuccessful, at least in .
the extreme terrain cases. At the "smooth" end of this rough topographical .
regime, tracer and numerical meteorological/diffusion modeling have been con-
ducted (Hinds, 1970; and Hino, 1968, respectively). The reader is urged to
consult these and the other references cited above to gain a better insight
of the problems of monitor siting in rough terrain. The services of a diffu-.
sion meteorclogist is also strongly recommended,

4.6.4.1 Monitor Siting Procedures in Terrain of Up to Moderate Roughness

In the context of this discussion, the mean elevations of the terrain are
considered to be reasonably level with the maximum deviations from the mean
not exceeding a value equal to the height of a typical point source stack,.

The recommended approach for selecting SO, monitoring sites is identical to
that for flat terrain; however, the specifics of the approach differ in the
following respects.

e Diffusion Coefficients. Because of the mechanical turbulence
induced by the rough topography, the graphical solutions to
the Gaussian equation--viz., Fig. B-2, Appendix B, Part II--
must be modified by incorporating diffusion coefficients ap-
propriate for such terrain. The coefficients suggested by
Bowne (1973) for suburban and urban areas seem appropriate.
These would correspond to slightly rough (features up to
sizes of three-story buildings) to moderately rough (up to
stack height) topography. As a more accurate alternative,

76



diffusion coefficients could be derived sepcifically for the
area of interest as shown by Leahey (1974).

Corrections for Terrain Elevation. Because of the scattered
and irregular nature of the terrain features, as opposed to
a solid barrier to the wind, caution should be exercised in
correcting concentration estimates, or in estimating loca-
tions of ground-level concentration maxima, The major effect
of the terrain on the plume will be to increase its rate of
dispersal, which would tend to bring the ground-level con-
centration maxima closer to the stack. Concentrations would
also likely be higher at the tep of obstacles. However, a
lower level plume (effective H below the tops of the ob-
stacles) would tend to split and move around the obstacle,
particularly under stable conditions, resulting in lower
concentrations at the top of the obstacle. In more undu-
lating topography, the plume would tend to follow the
terrain. ' However, height corrections would need to be

made where the terrain elevation changed abruptly. For
example, Figure 4-33 is a munerical model simulation of

the ground-level pattern produced by an elevated Plume,
showing increased concentrations over elevated terrain
(Hino, 1968),

Y

£

FIGURE 4-33.

Distribution at height of 40m from ground surface ({ = z-h =

40m) of concentration of smoke emitted from a source with height 400m
which is derived from the computer experiment (taken from Hino, 1968).
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) Downwash Situations. If obstacles higher than 2/5 of the
height of stack exist within 10 stack heights of the stack,
downwash due to wake effects is very likely. Downwash
analyses, such as those discussed in previous sections,
would be necessary.

Taking into account the above points, the procedure discussed in Section 4.6.1
can be utilized in selecting monitoring stations. However, because of the
heterogenecus nature of the setting, more reliance on mobile sampling and
visual observations of plume behavior may be required.

[ General Comments on Site Characteristics. The site charac-
teristics should be similar to those discussed in Section
4.6,1.5. However it is recognized that wake disturbances
on the lee sides of cbstacles will be the rule, These dis-
turbances, which may extend to twice the height and five
to ten obstacle heights downwind, should not be considered
as things to avoid entirely. Such obstacles close to a
stack may downwash the plume to the ground to complicate
the picture. However, if downwash does not occur near the
stack, any wake effect produced by an obstacle located near
the expected ground-level maximum point would have very
little influence on where the actual maximum concentration
would be found, since the plume has already diffused down
to the ground . naturally over an area probably larger in
size than the obistacle itself,

4.6.4.2 Conditions in Extremely Rough Terrain

The nature of this terrain precludes the development of monitoring site
selection procedures that could be uniformly applied to any given mountain-
ous terrain configuration, However, describing some of the gross character-
istics of plume behavior in such terrain may be instructive in terms of
"points to consider" when contemplating establishing SO, monitoring sites to
assess the impact of individual point sources so located.

The following summary was abstracted from the two NOAA studies (Start,
et al., 1973, 1974) and from the study by Hinds (1970) cited previously. The
studies described the behavior of plumes over specific sections of California
and Utah characterized by extremely rough terrain. Plume behavior in these
areas may or may not typify such behavior in other similar topographic areas.

' Elevated Plume. Centerline concentrations are reasonably
well predicted by the standard Pasquill-Gifford diffusion
curves when the plume does not pass over mountainous ter-
rain. However, over mountainous terrain elevated center-
line concentrations average from 3 to 4 times more dilute.

e Lateral Plume. Spreading is almost twice that expected
for over flat terrain, Several physical processes con-
tribute to this increased spreading,

- Plumes tend to be deflected around obstacles.
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- The descending portions of looping plumes spread
laterally as they approach steeply sloped canyon
flcors.

- Increased mechanical turbulence enhances lateral
spreading.

= Vertical shearing of wind dlrect;on W1th height en-
hances lateral spreading.

When a low, strongly stable layer aloft combipes with flow-
blockage effects of the terrain, a quasi-stagnant air pocket
can develop that may contain an elevated plume layer. Pro-
longed ground-surface contact with this layer is probable.

A higher stable layer will allow the plume to flow over the
ridge-tops and the plume tends to become uniformly distribu-
ted in the vertical. Because of ground-reflection effects,
ground-level concentrations may be twice as large as those
aloft,

With no stable layer aloft, plumes are deflected aloft over
the ridges and follow a path similar to the shape of the
underlying topography. The lateral distribution of pollu-
tants from the centerline is gemerally Gaussian.

The locations of the maximum ground-level concentrations
were at the ridgetops, Specific impact areas were identified
best via pilot balloon (pibal) wind observationg near the ef-
fective plume height.

Figure 4-34 is a schematic illustrating the dilution of an
airborn plume as it interacts with elevated, rough topography.

In unstable conditions rates of dilution in mountainous ter-
rain are about the same as those over flat terrain; the rates
increase by a factor of 5 in neutral conditions and a factor
of 15 in stable conditions.

Peak to mean concentration ratios in mountainous terrain are
lower than those over flat terrain.

In canyon settings within mountainous terrain, mechanical
turbulence is enhanced by:
- Turbulence generated near the mountain tops and the
upper confines of the canyon.
- Airflows originating within side canyons.
- Wake effects of airflows over and around canyon topo-
graphic variations.

Because of strong diurnal wind cycles characteristic of

canyon teopography, synoptic stagnation conditions are not
the worst diffusion conditions.

79



_

20NE 1 T one2 1 ozones | ZONE 4

Z0NE 1: "Simple® elevated plume with buoyant rise, becoming the bent-over form. Near Gaussian
vertical distribution.

ZONE 2: Deflection zone with plume tending to parallel ground surface. Near Gaussian vertical
distribution.

7ONE 3: Mixing or transitional zone affected by turbulence about the. toooarachy. Quasi-
Gaussian vertical distribution.

Z0NE 4: Well-mixed zone. Ouasi-uniform vertical distribution of plume mass.

Plume effluent concentrations are greatest where the shading is the most dense.

FIGURE 4-34. Schematic illustration of the dilution of an airborne plume as
it approaches and flows over nearby elevated terrain., Four zones of plume
behavior and the postulated vertical mass distributions are depicted.
(Taken from Start, et al., 1874.)

e Figure 4-35 illustrates the turbulent wake effects of obsta-
cles characteristic of canyon topography.
e Diffusion over a ridge-canyon system often results in sub-

stantially lower concentrations on the canyon floor than
would occur at the same distance ovexr flat terrain.

4.6.4.3 Implications for S50, Monitoring

Based on the above observations, the following general guidelines for
selecting SO9 monitoring sites in extremely rough terrain are suggested.

) In regions. subject to at least occasional periods of low
mixing depths, locate monitors in basins that have inlets
for S0, source plumes. Very high concentrations could re-
sult from stagnant air pockets that could develop in such
areas. The rough terrain, upland areas of the west coast
of the United States would seem to be particularly liable.
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FIGURE 4-35, Schematic illustration of turbulent wake effects caused by
obstacles protruding into the primary flow pattern.
{Adapted from Start, et al, 1973).
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Site menitors at rigetop locations in the general downwind
directions from the source, or perhaps at ridgetop loca-
tions surrounding the source, particularly those nearest
the source at near effective height (H) elevations.

Site monitors in passes that may receive the plume advected
either by drainage or channeled winds.

A complete .survey of the entire area influenced by the SO
source would almost certainly be required in all situations.
Visual observations, aerial photography, mobile sampling,
remote sensing, etc, would probably be the most important
means for conducting such surveys.
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5.0 RATIONALE AND SUPPORT DOCUMENTATION FOR SITING CRITERIA

The site selection and inlet placement procedures and criteria discussed
in sSection 4.0 are quite specific, particularly those regarding location pa-
rameters such as height of the inlet, proximities of interfering sources (un-
due influence) and horizontal positioning of the inlet for rooftop sties, etc.
The rationale for some of these procedures and siting approaches was included
to explain certain points of the procedural logic. However, it was felt that
justifying certain other elements of the siting procedures and criteria would
have muddled the continuity. Therefore, we have reserved this section for
their presentation.

The logic underlying the procedures of Section 4.0 can be considered em-
bodied in three basic elements:

1) Determining the general location of the monitoring site,
mainly via simulation modeling.

2) Refining the location to minimize undue influences from
nearby sources, including meteorological effects.

3) Placing the instrument inlet in such a location to avoid
local contamination.

The first element, we believe, has been adequately covered- in previous sec-
tions and in the appendices and requires no further discussion here., There-
fore, much of the material presented in this section will pertain to elements

2 and 3. Several miscellanecus items that are relevant to all three elements
will also be discussed.

5.1 UNDUE INFLUENCE EFFECTS

Regarding the problem of establishing a site location such that undue
influences from nearby sources are minimized,* we had to first define what
constituted undue influence. We wanted to use a fairly stable, maximum 50,
concentration as a level of undue influence and then establish a separation
distance between the monitoring site and all sources such that any one
source's contribution at the monitoring site would not exceed the undue

* 1In just about every reference cited in this study the problem of undue

influence of nearby sources was mentioned, but no objective procedures
or approaches for dealing with such influences were ever suggested.
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influence level. Typical rural background levels over all parts of the country
seemed to be excessive, 10-30 ug/m3 (viz., Figure 4-3, EPA,19744), to be used
as an undue influence level for regional-scale stations. Also, these levels
were decreasing due to the effectiveness of S0; emission controls. Thus, it
was decided to use the natural background level of 2.6 ug/m3 (1 ppb) as re-
ported by Robinson and Robbins (1970), a very low level and probably quite
stable as well., Using this value and typical emission rates for various
classes and configurations of sources, we determined sets of distances beyond
which impacts from any source did not exceed the undue influence level, Exam-
pPles of these distances, described as "interference distances" (IDs) were shown
in Table 4-2 (see Page 34).

The ID of a major urban area was determined by using the normalized con-
centration pattern resulting from a circular area source as shown in Figure 5-1
(from Ludwig and Xealoha, 1975) along with a speed of 1 m/sec and a half-life
value of 3 hours.* Typical maximum emission rates for a major urban area were
assumed to be represented by the city of Philadelphia, Q = 0.86 x 107° g/sec/m2
(from EPA,1973b). This gave an ID of about 30 km.

RELATIVE SURFACE CONCENTRATIONS 1X°ulm
GAUSSIAN AREA SOURCE AT 10m MEIGHT
SLIGHTLY STABLE ATMOSPHERE

4
\

(1] 35 160 km

FIGURE 5-1. Normalized concentrations computed with a Gaussian disper-
sion model (taken from Ludwig and Kealoha, 1975).

The IDs of the other source types associated with regional-scale stations
(see Table 4-2, Page 34) were determined via solutions to the Gaussian egqua-
tion; typical source configurations and emission rates assumed are shown in
Table 5~1. The ID calculations were based on a 3-hour average concentration
at the monitoring site. A 3-hour half-life for 507 was assumed for all source
types, except the individual home where a value of infinity was assumed. A
reduction factor of 0.51 was utilized to convert the guasi~instantaneous con-
centration estimates to 3~-hour averaging times as suggested by Turner (1974).
The IDs of the various sized towns shown in Table 4-2 (Page 34) were determined
by assuming that the concentration varied as the inverse of the square of the
distance from the source (town) to the monitoring site.

/

* See Section 5.3 for discussion of S0, decay characteristics.
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TABLE 5-1

Configurations and Emissions for Typical Source Types Assumed in

Determining Interference Distances for Regional-Scale Stations

Source Characteristic Fuel Rate Source E‘;:il"" ﬁe_teorg;:g{hty Effective
Type Emission Period | S Content (%) Configuration (a/sec) Wind Speed Clase Ht. (m)
Paint, Uniform
Power Plant 280 x 106 gal ’ o
365 days/yr Wind over 22.5 575 S m/sac D 300
(400 MW) #6 oil # 1% S Sector
Industrial
Winter Quarter 14 x 106 gal
(500 T s0u7yr)| (Decs Jams Feb) | #6 i1 9 0.55 5 Point # | Swsec)] D 200
Small Town
Winter Quarter | 103 gal/home Area Source
(2363°302§§i' (Dec, Jan, Feb) | #2 oil @ 0.2% § 4 mi2 10 T wsec 0 0
Individual Winter Quarter 108 gal
Home (Dec, Jan, Feb) | #2 ofl  0.2% § Paint -0016 1 wsec F 0

During this phase of the study, we concluded that a major urban area, in
an ID sense, may be considered as having a population of about 2 x 10° or
more. This contention was based on the observation that the ID varied more
closely with emission intensity rather than with total emissions; large cities
emit more SO; than small cities, but it is emitted over a larger area.
example, the ID for a 25 x 103 population town was 15 km (Table 4-2) versus
an ID of 30 km for a 1 x 10° population city; the 2 x 10° figure seemed an
appropriate cut-off point to separate the large urban areas from smaller towns.

For

Analogous to the IDs for regional-scale stations is the concept of paint,
minor, and source IDs (PSID, MSID, and SID, respectively), as presented in
Table 4-4 (see Page 44). These values were obtained by considering an undue
influence level of 10 ug/m3 (instead of 2.6 ug/m3 )}, which was the cleanest
rural S0; background level observed. We felt that using this higher undue in-

“fluence level was justified since the associated ID values are meant to apply
in urban and suburban areas where existing S0; levels are much higher than in
rural areas where regional-scale station IDs apply. Table 5-2 shows how the
IDs of Table 4~4 were obtained. 1In developing the concentrations shown, zero
effective height, a wind speed of 1 m/sec and stability class D were assumed;
this would tend to produce a maximum impact at the site to provide a modest
safety factor. The diffusion coefficients used in the calculations were those
suggested by Bowne (1973) for rural, suburban, and urban areas. Large point
sources were considered as those using 10° gal/yr of fuel oil. Minor sources
used 103 gallons in rural areas (home), 1ot gallons in suburban areas (small
office building) and 10° gallons in urban areas (large office building). B&All
fuel was burned during the winter quarter of the year. The concentrations as
shown in Table 5-2 are unadjusted-~that is, the concentrations have not been
modified to account for effects due to decay and averaging time; the actual
3-hr mean concentrations were estimated by multiplying the given concentra-
tions by an appropriate half-life factor (considering corresponding travel
time) and the correction factor of 0,51 to account for additional dilution due
to wind direction variability. Multiplying the circled numbers in Table 5-2
by these factors will result in an actual concentration estimate of 10 ug/m3
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Downwind distances associated with these concentrations that are shown in Table
5-2 are the IDs of Table 4-4.

TABLE 5~2
Raticnale for PSIDs and MSIDs of Table 4-4 (see Page 44)

Development Unadjusted Concentration (ug/m3)

Intensity

Urban ' Suburban Rural

Fuel Use
(gal/yr) |l 193] 204 | 105

67| 103 u 5 6 3 u 5 6
Downward 10 10 10 10 10 10 10 10 10

Distance (m)

10 5.1 9 510 --- 115.9 159 e o-e 849 w-- -a-

84.9
30 3.4 3 340 ---1 9.8 98 980 -~ @ 525 —ee  -a-
100 0.9 9 80 900 | 3.07 307 --- @

1 SRR
300 0.23 2.3 @ 230 | .68 6.8 68 680 | 1.6 16 160 ---
600 .07 .78 7.8 78| .26 2.6 2 260| .5 5.0 50 500

1000 .03 .34 3.4 A7 137 N7 117 | L2000 2.0 20 200
2000 011 .11 1a 11 | .04 4 4.0 073 .73 7.3 73

3000 .006 .06 .58 5.8 | .021 .213 2.13 21.3| .038 .38 3.8

* Individual Home
+ Large Point Source

A 10° plume sector roughly corresponds to + 1o around the centerline of
the plume. This sector width is suggested as a guide for determining those
upwind sources that may unduly influence the measurements at the site. The
schematic shown in Figure 5-2 illustrates the rationale for this critericn.
For neighborhocd-scale stations, the sector sizes were increased to 20° for
the very nearby point sources,

5.2 METEQROLOGICAL PROCESSES PERTINENT TO SITE LOCATION REFINEMENT AND INLET
PLACEMENT

Wind direction establishes the general transport direction and determines
-which sector of the area surrounding the source will receive the pollutant.
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FIGURE 5-2,

24 hours - -

Schematic illustrating undue influence of nearby sources on
measurements at three sampling sites: (1) within 10° plume
sector; (2) at a minimum jimpact point within area; and (3) at
a point beyond the MSID but within zone of concentration
characteristic of the area as a whole.
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The location of impact points within the sector are determined by the trajectory
of the polluted air stream or parcel. The trajectory is only rarely a straight
line~-the parcel being subject to effects of obstructions that can change a
given direction to another. These cbstructions include mountains, valleys,
buildings, and other parcels or masses of air, Even in the absence of physical
obstructions, the wind varies in space and time due to thermal effects, shear
effects, and turbulence advected from upwind (e.g., Fig, 6, Anderson, 1971).

The parcel may also be deformed; being a fluid, the air parcel will be
subject to changes in shape and separation. However, from mass continuity con-
siderations, there must also be corresponding changes in air flow. For example,
parcels passing between two obstructions (viz., two buildings) or over a moun-
tain will be squeezed horizontally (transverse) and vertically, respectively.
In either situation, stretching of the parcel longitudinally will take place to
compensate, resulting in a faster air flow. The reverse will occur for parcels
moving across a valley (vertical stretching and longitudinal squeezing) (see
Fig. 5-3). However, from mass continuity considerations, the concentraticn of
the pollutant within the parcel must remain essentially the same throughout the
deformation process.

In illustrating the concepts of wind
speed and direction, and deformation,
we have assumed that the peollutant re-
mains contained within the parcel as
the parcel proceeds downwind. This is
not actually the case because turbulent
mixing and diffusion processes.are con-
stantly at work dispersing the pollu-
tant from the initial parcel to adja-
cent ones as the pollutant plume moves
downwind. [Note in this regard, a
point apparently missed in some of the
papers reviewed that no physical mech-
anism exists in the atmosphere, includ-
ing deformation, which can reverse the
process and "unmix" the atmosphere to
create higher concentrations of SO2.
Therefore, turbulence in. the atmosphere
can only lead to dilution or dispersion
of a polluted air mass that it affects;

>- - — ' Ycavity" flows cannot accumulate pellu-
— . e Fant-—they can only Particglly contain
VALLEY it; nor can "channeling", i.e., the
\\\\- //' squeezing of streamlines, squeeze to-
gether the pollutant and increase its
concentration. Indeed, no flow nor
even a stagnant air mass can contain

il

a2,

VERTICAL SECTION a higher pollutant concentration than

= - that of its most intense inlet.] The

FIGURE 5-3. Topography effects on rate of diffusion is a function of at-
wind. Length of arrow is propor- mospheric stability, which is associ-
tional to the wind speed. ated with varying degress of thermal
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or comvective turbulence and the degree and nature of the roughness of the sur-
face over which the parcels are transported, which is associated with varying
degrees of mechanical turbulence,

Mechanical turbulence is produced when air moves over a rough surface,
which tends to interrupt an otherwise smooth air flow. Air swirlinc about
buildings, rough ground, and clumps of irreqular sized vegetation zre examples
of mechanical turbulence. The degree of mechanical turbulence is directly pro-
portional to the wind speed.

5.2.1 Effects of Natural Topography: Wakes, Channeling, and Turbulence

The transpert and diffusion of a pollutant plume is complicated by the ef-
fects of natural terrain features on the flow of air in which the plume is
transported.

It is suggested on the basis of work described by Anderson (1972), that
topographic effects on the windfield are scaled by the ratio of topographic
slopes to the depth of the mixing layer. That is, if the ground rises or falls
a significant fraction of the mixing layer depth, the wind speed components
should change a comparable fraction; for mixing depths on the order of 1000 ft,
100-£ft elevations would usually be significant. Topographic features consider-
ably larger than this can produce even more dramatic changes in the flow field.
For example, wind flowing towards a very steep hill face is merely guided by
the topography,. but wind blowing off the top of a similar face will typically
break up into severe turbulence and may even form a "cavity wake"™ as shown in
Figure 5-4., (For a good review of the basic mechanism that causes wakes and
wake cavities, the reader is referred to Halitsky, 1962.) -

/ ]
77, ¢

// 7 ' #

FIGURE 5-4. Assymmetry of flow approaching and leaving steep
topography.

If topographic slopes exceed 10 percent, much increased turbulence can
be expected with downslope winds. If topographic slopes exceed 20 percent,
cavity flows are quite possible.

Inasmuch as the air entering a cavity may turn over many times before
leaving, the cavity tends to average the concentration from the pollu+tion
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sources that feed it. If the pollutant enters from the flow passing the ob-
stacle, it may be thought of as contimmously "sampling" the passing air, mix-
ing it up, and passing it on much delayed. Thus, the cavity averages on both
time (due to the delay) and space (due to its size) scales. The cavity can-
not "collect" peollutant because it alse "collects" the air which carries the
pollutant, each in direct ratio to its concentration.

When the general wind direction is obligue to a ridge-valley axis, the
channeling of the wind often vecurs as shown in Figure 5-5. The surface wind
speed in the valley is usunally diminished because of friction (Flemming, 1967)
If the valley wall is bluff, wake cavities (mechanical turbulence) on the lee
side of the upwind wall may be produced., Wind blowing perpendicular to the
valley axis will not be’ significantly channeled, but surface speeds can be
considerably diminished (frictional drag and vertical stretching) and the pro-
bability and size of wake cavities will increase.

(a) (b) -

FIGURE 5-5, Distortions of the wind flow by topographic cbstacles.
{(a) Channeling of the wind by a valley, and
(b) The effect of a mountain pass on the wind flow.
{(Taken from Slade, 1968,)

At night under clear skies and light winds, the air adjacent to the
ground along the valley floor and slope are cooled through radiational cool-
ing. As this cooling progresses, a density differential between air at the
same elevation (relative to a horizontal plane) develops and results in a
flow of air down the slope toward the valley floor. This flow is called a
slope or drainage wind, The same mechanism also causes a flow of air down-
hill along the valley axis (valley wind). In the daytime under light wind
conditions, the drainage flow mechanism is reversed and causes upslope and
upvalley flows. Downslope and upslope air flows can be complicated in com-
Plex valley systems where several valleys merge at various angles or where
slopes vary. Also, the differential heating of valley slopes can further
complicate the already complex flow pattern.

The only significant modification of winds and turbulence (and hence 50,

concentrations) due to irregular topography is that it increases mechanical
turbulence. .The scales of this turbulence depend on the strength of the wind
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and the size and size distribution of the individual features. If the features
are large, wake cavities may form; otherwise the turbulence elements are of
small scale. If the area is generally level, flows produced by drainage and
valley flow mechanisms will be insignificant. In general, smooth hills alter
the flow least. Under unstable conditions, air parcels tend to move over ob-
stacles, while under stable conditions, air parcels tend to move around cbsta-

cles. In strong winds, cavity wakes can form on the lee side of large bluff
hills.

Trees can obstruct an otherwise smooth wind flow and increase mechanical
turbulence. Dense clumps of large trees can have the same effect on wind flow
a2s a small, bluff hill and produce wake cavities. Similarly, wake cavities may
exist on the windward side of a forest clearing. Below a forest canopy, wind
speeds may be very low and diurnal temperature variations tempered. Irregular-
ly spaced trees or small clumps of trees of varying height, lines of trees,
and low vegetation will have the same effect as rough topography and increase
mechanical turbulence.

5.,2.1.1 Effects of Above Considerations on S04 Distribution

The effects of ridge-valley topography on 502 concentrations and patterns
depend on several factors, The major factors are the time of day the pollu-
tants are being emitted, where they are being emitted, the height of release,
and the prevailing metecrology. An S0; plume emitted from the top of the val-
ley wall or on an adjoining plateau may be caught up in a cavity wake (downwash)
and brought down intec the valley. At night, an S0; plume released at a high
level at a high exit velocity may escape the valley and surrounding high ter-
rain entirely. On the other hand, lower level releases may become imbedded in
the drainage flow and move down the valley, or, emerge above the drainage flow
upper boundary and impact (not intersect) on the valley wall or slope. Emis-
sions from intense area sources (low-level) located in valleys and released in-
to a very stable drainage flow or a deep, intense inversion layer will be se-
verely restricted beth horizontally and vertically.

Unless large obstacles ars present, moderately rough natural topography
will decrease the pellutant concentration by increasing mixing because of mech-
anical turbulence; therefore, the concentration levels measured will be less
sensitive to the location of the site or placement of the instrument inlet.
Wake cavities formed on the lee sides of the largest bluff obstacles may cause
the downwash of a passing plume.

The effects on 50; plume behavior induced by vegetation are similar to
those caused by irregular, rough terrain. However, an individual 50, Plume
Passing over a clearing in a forest at a low level {(viz., a low-level release
from a nearby source) may be downwashed to the ground via a wake cavity formed
on the windward side of the clearing.,

5.2.2 Effects of Urbanization: General

The effect of urbanization on meteorvlogical elements is described very
well by Pooler (1963) and summarized by Peterson (1969). 1In their work, they
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discuss urban effects on the horizontal and vertical distributions of tempera-
ture, humidity, visibility, radiation, wind, and precipitation. The urban
"heat island" phencmena has been well documented in studies by DeMarrais (1961),
Mitchell (1961), .Bornstein (1968), and Oke {1975). 1In these studies, charac-=
teristic vertical and horizontal variations, wind flows, and stability changes
are discussed and compared to adjacent rural areas. Oke (1973) related city
size and urban heat island intensity. Hutcheon, et al. (1967) show that even
small cities can produce urban heat islands, From these studies, the effects
of the various meteorological elements relevant to S$0; behavior (and, there-
fore, monitoring site exposure criteria) are summarized here.

Nighttime temperatures in cities are higher than those observed over ad-
jacent rural areas. Generally, the larger the ¢ity and more intense the noc-
turnal inversiom, the larger the temperature differential between the urban
core area and the outlying rural area (as great as 20°F). Heat island inten-
sity has been shown to be related to the logarithm of population according to
a study by Oke (1973) for a group of North American cities. Daytime tempera-
ture differentials are generally much less apparent than at night and occa-
sionally are reversed.

Higher surface temperatures in urban areas reduce atmospheric stability.
In fact, in large cities surface-based inversions are quite rare. Decreased
stability, increased mixing depths, and increased mechanical turbulence, due
to the rough urban topography, all tend to enbance the mixing and dispersion
of pollutants.

Fricticnal drag and the urban heat island effect modify the urban wind
direction. During the daytime, particularly under unstable conditions, wind
directions over the cities and rural areas are reasonably homogeneous. How-
ever, at night the relatively warmer air of the city rises, causing low-level
convergence and an inflow of air toward the urban center as cobserved by Pooler
(1963), The inflow is strongest at night when the urban heat island is well
developed. Of course, the magnitude of the effect is dependent on city size.
In many cases, this inflow toward the urban center is observed whenever re-
gional winds are yeak. Often in extreme conditions, an outflow of urban a%;
aloft is observed and results in a c¢closed circulation.

5.2.2.1 Building-Induced Turbulence and Wakes

The material in this section is presented as support documentation for
the criteria contained mainly in Tables 4-3 (see Page 39) and 4-5 (see Page 45).

The major area of concern here is the representativeness of urban monitor-—
ing sites in view of the complication in the wind and turbulence fields, par-
ticularly in the daytime, due to urban structures. Even the idealized situa-
tion of a single building is quite complex as shown in Figure 5-6. Imn cities,
complex street canyon flows and cavity wakes on the lee side of buildings dam-
inate the flow pattern. Since high SO; concentrations are often observed in
urban areas (and is the rule in the north), a2 major effort was made to reflect
in the urban site selection guidelines an accounting of such complex urban flow
characteristics. In addressing the phenomena, some studies treating the prob-
lem by two basic techniques were reviewed--mathematical modeling (Hotchkiss
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and Harlow, 1973) and physical modeling (Halitsky, 1962), Neither technique

provided comprehensive quantitative answers., However, each provided some in-
sight into the problem. 1In general, features of complex urban flows are dif-
ficult to generalize via both mathematical and physical modeling because the

dominant flow features near buildings cannot be represented as turbulence or

as "potential flow" (i.es., a solution to the potential function equation).
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FIGURE 5-6. General arrangement of flow zones near a sharp-edged
building (taken from Slade, 1968).

Cavity flows, as shown in Figure 5-7, and wake flows, as shown in Figure 5-8,
contain features as large or larger than the obstacles creating them and yet
are in no way random. They may, however, be embedded in random turbulence,
and are, in general, dependent on very fine scale features of the flow such as
the precise angle of incidence and the smoothness and precise shapes of the
surface contours. Thus, numerical models which only introduce. turbulence of
a fixed intensity in the incident flow cannot reproduce the effect of the in-
cident flow containing a regulae train of eddies as large as the building.

e

FIGURE 5=7. Cavity flows.

Q
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If models contain upstream structures to generate such eddies, they still can-
not represent the formation or release rate of such eddies which depend on mi-
croscale surface details of the building.

-FIGURE 5-8. Wake region in flow past bluff obstacle (viewed
from above) .

A virtue shared by both numerical and physical modeling is that gross,
gualitative features are quickly, cheaply, and/or distinctly shown, and the
existence of large, coherent disturbances and their general nature can often
be determined by such modeling programs, However, their location, size,
typical residence time when trapped, or the pollutant concentrations result-
ing from plume interaction cannect usually be determined, For example, the
wind tunnel studies described by Halitsky (1962), show that in some cases
highest pollution flux is against the mean wind; whereas on superficially
comparable building parts, no such reverse flow is evidenced. On other
building roofs, pollutant transport is transverse to the mean wind., all of
the observations might lead to conclusions that might be invalidated by
slight changes in incident wind direction, or variability, The experiment
does legitimately warn the selector of monitoring sites that one cannot
easily or casually choose a site and be sure that it will be upwind (statis-
tically) of a nearby source in a complex structural environment, However,
in a later study, Drivas and Shair (1974) showed that a reverse circulation
in the wake downwind of a buildirig generally exists and that tracer experi-
ments indicated that the extent of the recirculation back onto the roof was,
in general, systematically confined to less than one-half the width of the
building from the downwind edge,
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5.2.3 Relevance of Above Considerations on Siting Criteria

The urban modifications to the regional meteorology that have a major im-
pact on S0z concentrations and patterns are the air inflow characteristics un-
der stable conditions when regicnal winds are weak, particularly-at night, and
.the effects of wake cavities on the lee sides of buildings under stronger re-
gicnal wind conditions.

When a heat island circulation exists, individual pollutant plumes may
tend to converge toward the center of the city where they will rise, then
return aloft to the periphery of the urban area and return again, completing
the circulation (convergence at low levels, divergence aloft (see Figure 5-9),
With a large number of SO, plumes tending to converge toward onme central
point and the return from,aloft of already polluted air, a pollutant maximum
may be located near the urban center, From heat island circulation dynamics,
Chandler (1968) deduced that urban-rural pollution gradients would be very
sharp with the strongest gradients on the lee side of the city. Ball (1969)
observed that pollutant peaks roughly coincided with the thermal maximum of
New York City's heat island and that the thermal pattern shifted and elon-
gated in response to the regional wind flow.

8
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FIGURE 5-9. Urban circulation and dispersion before sunrise.

Under stronger wind speed conditions, particularly during the day, heat
island circulations break down and lose their identity. cComplex building wake
patterns then distort the wind flow resulting in a very turbulent urban atmo-
sphere, and become a major factor in influencing 507 concentrations and dis-
tributions. Figures 5-10 and 5~11 show mathematical representations of the
effects of building wakes and cavity flows on pollutant distribution. In a
large urban area, these complex flows would typically produce an averaging
effect in both the horizontal and vertical., This statement is suppprted by
Pelletier (1963) who measured S0p distributions in Paris; at specific locations
he found no appreciable difference in 24-hour mean 507 concentrations measured
at 13 m and 53 m above the ground. The same conclusions were reached by Clif-
ton, et al. (1959) in a sheffield, England study, particularly for locations
not too near the upwind edge of the city (to allow sufficient time and dis-
tance for the wake/cavity-induced averaging effect to take Place). Simon (1969)
described a similar situation, in considerable detail, in his discussion of New
York City's meteorology program. From the above considerations, what seems to
emerge regarding the vertical distribution of 507 in urban areas is illustrated
in Figure 5-12 and described as follows:

95



A parcel of air entering the city is characterized by very low con-
centrations uniformly distributed in the vertical. At it passes
through the suburbs, it picks up contributions from relatively
‘small sources at low-to-moderate heights. As it passed through

the central business district (CBD), very large amounts of SOz are
picked up; but because of plume reflection and the mixing/averaging
effect produced by building wakes, the SO7 distribution is substan-
tially uniform up to at least the mean building height. However,
it is likely that a2 maximum concentration level may be observed
above the mean building height near the mean effective height of
the stronger sources which are emitted at higher levels. This
statement is substantiated by Simon (1969, Fig.6). As the air
leaves the city, the upper profile "fills in" due to the upward
dispersion from lower levels. This effect plus horizontal disper-
sion continues until a vertically uniform, general low-to-moderate
concentration level results just downwind of the city.

FIGURE 5-10.

The dispersal of a narrow
plume passing over a single
building. Recirculation in
wake region is clearly evi-
dent., (Taken from Hotchkiss
and Harlow, 1973.)

Figure 5-11.

The dispersal of pollutant
from a flush vent on the top
of a complex building struc~
ture. (Taken from Hotchkiss
and Harlow, 1973.)
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Uniform concentration in vertical.

Z - Vertical height

h = Mean building
height

X - Relative S0;
concentratio.

Upper profile filling, lower profile decaying.

Upper profile begins filling in due to
vertical dispersion from lower levels.

Quasi-instantaneous
concentration maxima at
effective plume height.

Incoming 505

tribution is
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FIGURE 5-12.

Schematic illustration of vertical distribution of SO, within

a vertical column of air passing through an urban area.
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From the above discussions, the following conclusions can be drawn:

Mixing produced by mechanical turbulence and wake effects of
larger obstacles over moderately rough, natural terrain aver-
ages the pollutant over space which lessens the concern of
exact site location and inlet placement in rura) areas,

Micro-scale urban features substantially increase mixing and
promote uniformity of pollutant levels from mid and far dis-
tant sources. This mixing between source and monitoring site,
reduces the monitoring site selection problem to the consider-
ation of only near sources (less than the interference dis-
tance) .

A single building wake can mix, over its volume, pollutant
from a source that enters it. Thus, standard analyses com-
pute a "virtual point source” upwind of a building if the
building wake is thought to catch its own plume.

The uniform mixing principle is not absolute and cavity flows
often build, get swept away, and reform, leading to large
"puff" type releases.

Except for near the windward edge of a city, a vertically uni-
form SOp distribution up to at least the mean building height
over the area of interest in the city can be assumed. The
choosing of 0.8 H (or lower) for inlet location above the
ground (see Table 4-3, Page 39; and Table 4-5, Page 45) is
somewhat arbitrary, but was meant to insure that the instru-
ment (or inlet) would be placed at a point in the vertical
where the measured levels would approximate those existing
near the breathing zone--5-8% ft above the ground.

If pollutant release is known to be well within a cavity
(e.g., emissions from a vehicle in a deep, street canyon)
averaging will not be complete and concentration fluctuations
and gradients are apt to be found within the flow. Minimum
velocities and maximum concentrations should be found near
the -.ground on the leeward side of the obstacle. 'This is the
justification for avoiding trailer locations just downwind

of buildings with large stacks (see Table 4-5), This situ-
ation is precluded, however, if the interference distance
criteria are satisfied.

Pollutants from sources located downwind of a building may
be emitted into the wake cavity behind the building. The
reverse flow of the wake may advect pollutants up to the

roof of the building to at least one~half of the width of

the building from the downwind edge. This observation is
the rationale for recammending that fnlet placement loca-
tions be on the windward side of the building (see Table 4-5).
It also justifies the recommendation of not having 505 sources
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on the roof of the building chosen for the monitoring site
or inlet location.

e Emergency episode stations should be located in the very
heart of the maximum SO, emission density zone of an urban
area; during air stagnations wind speeds are low and direc-
tions are variable so the maximum concentration should occur
where the emission density is a maximum. However, even in
this case, caution should be exercised in locating monitors.
S05 emissions from high stacks (which are often the largest
sources) may not reach the ground (if at all) until several
miles away during a low wind-speed/stable situation. Appro-
priate site locatiocns can best be found by using gridded
emission inventory data with most of the weight being given
to the area source fraction of the inventory.

* The heat island mechanism may produce maximum concentrations
near the wind inflow convergence point which may be located
near the center of maximum SO, emission zone of the city. This
justifies ¢onsidering the emergency episode station as an al-
ternative site for measuring the 3~hour peak concentration.

5.3 MISCELLANEOUS CONSIDERATIONS
In this section, additional justification and rationale regarding certain

siting c¢riteria, modeling approaches and miscellanecus considerations along
with support documentation is presented.

5.3.1 Temperature

The temperature at a point has little direct effect on the concentration
of 502. Only temperature gradients, mainly in the vertical, have a major in-
fluence. However, temperature may influence the rate of emission of 502; for
example, the amount of fuel burned for space heating is directly proportional
to heating degree days, a number which is egual to the average temperature for
the day minus 65°F. Turner (1968) and Roberts, et al. (1970) related S0y emis-
sion rate response to changes in temperature on an hourly (diurnal variation)
as well as a daily mean basis. Power plant load (and 505 emissions) may vary
seasonally and diurnally. In the northern part of the United States, rower
Plant emission maxima occur in both summer and winter in response to power
demand to run air cenditioners (related to cooling degree days), and in re-
sponse to demand to run electric and oil heating systems (related to heating
degree days) (Federal Power Commission, 1971).

5.3.2 Chemical-Physical Interactions

503, being soluble in water, interacts both chemically and physically
with atmospheric moisture, 505 is also photochemically and catalytically

o9



reactive with other atmospha;ic constituents. The reaction kinetics of such
interactions are very complex, all aspects of which are not yet fully under-
stood. Some of the end products 'of atmospheric interactions involving SOz
are sulfur trioxide, sulfuriec acid, and sulfates. SC» also interacts with
ground, vegetative, and water surfaces. Since it is beyond the scope of this
report to present a detailed discussion of this topic, only a brief summary
of the more pertinent aspects is presented.

5.3.2.1 Reactions of SO, With Atmospheric Liquid Water

Precipitation scavenging consists of three basic components as described
by Slade (1968):

1) transpert of the S0, to the scavenging site,

2) in=cloud scavenging by precipitation and cloud elements
(rainout), and

3) below-cloud scavenging by falling raindrops (washout).

The rate of scavenging of S02 is based on the molecular diffusion of S0 to
the droplets in accordance with the vapor pressures and solubility of SO2.
Laboratory tests by Bracewell and Gall (1967) indicated that the occurrence
of HS04 in urban fogs could be accounted for by the catalytic oxidation of
S0; dissolved in fog droplets in the presence of certain metallic ions.

5.3.2.2 Catalytic and Photochemical Cxidation Reactions

S0 may be catalytically oxidized to SO3 in the presence of oxides of
nitrogen. The S0 then readily converts basic oxides to sulfates (NAPCA,1270).
Liberti and Devitofranesco (1967) reported that SO may be catalytically oxidized
to sulfate after being adsorbed by suspended particles. In a report to the
U.S. Senate, the National Academy of Sciences (NAS, 1975) reported that S03
oxidation rates (to sulfates) varies from 0.17 percent/hour to 50 percent/hour,
depending on the relative humidity and the presence and relative concentra-
tions of other pollutants, The rate is typically more rapid in urban air.
Urone, et al. (1968) reported that SO; can be photo-oxidized to H3S04 aerosol
in. the presence of water vapor and at a faster rate when hydrocarbons and ni-
trogen dioxide are present. In the same NAS report cited above, it was esti-
mated that in the northeastern United States, roughly one-third of SO, emis-
sions are returned to the earth as sulfates,

5.3.2.3 Reactions With Ground and Water Surfaces

In a study by Spedding (1972), the ocean was found to be a major sink for
SO;. He concluded that SO, deposition velocities (Vg = deposition/surface
area/time of exposure/atmospheric concentration).were proportiocnal to the flow
rate of the SO»—air mixture, Under calm conditions, he estimated a value of
Vg of 0.28 cm/sec. Owers and Powell (1974) estimated an 505 deposition velo-
eity of 0.8 cm/sec over land and water surfaces. Similar values were found
by Shepard (1974) for grass in summer but were much less in the autumn (0.3
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cm/sec). Over water he found that V was proportional to windspeed. Gar-

land, et al. (1974) reported a deposigion velocity of 0.55 cm/sec onto short

grass. Individual values varied widely and were independent of the weather.

He also estimated that 25 percent of the S50, emitted within Great Britain was
deposited by dry deposition.

5.,3.2.4 Residence Times and Half-Tife

Residence times and half-lives of SO, are extremely variable because of
the very complex interactions of S0 with other reactive pollutants, atmo-
spheric liquid and gaseous water, surface water, land and vegetative surfaces,
sunshine, and weather, Eliassen and Saltbones (1975) reported a residence
time for 50y of about one-half day, or a decay rate of about .002 percent/sec.
In their work, they considered dry deposition and oxidation to sulfates.

In general, the various oxidation/deposition rates for $05 as summarized
above correspend to half-lives ranging from about one hour to several days.
The shorter half-lives are probably characteristic of urban S0z where suffi-
cient quantities of reacting pollutants exist to hasten the transformation
Process.

Figure 5-13 is a schematic showing 50, transport, diffusion, and various
removal processes.

Stack Gas
Plume

" Washout of
§0, and SO}

1 Distance from Source

FIGURE 5-13. ©Processes involved in the relationship
of sulfur oxide emissions to air quality
(taken from MAS, 1975),
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5.3.2.5 805 Reactivity and Monitoring Device Inlat Tubes

Because of the adsorption-desorption characteristics of 505, care must
be taken in choosing the kinds of inlet tubes for SO, monitoring devices.
Stainless steel, glass, and teflon have been shown (Wohlers, et al., 1967) to
be nonreactive for either high flow (28.3 1/min) or low flow (1.4 1l/min) sam-
pling through 30.5 m lengths (1.27 cm i.d.) of tubing made from such material.

5.3.3 Relevance of Above Considerations to Siting Criteria

Ambient temperature levels dictate the amount of fuel to be consumed for
space heat. Since the coldest temperatures occur in winter, the prevailing
wind direction for the three core winter months (December, January, and Febru-
ary) was considered as the "upwind" direction for determining the sources most
frequently upwind of prospective monitoring sites.

The very camplex problem regarding the chemical/physical interactions of
505 was addressed by assuming that SO, decays exponentially thh a half-life
of three hours, generally, but cne hour for cities of over 106 population.
The population figure is somewhat arbitrary, but the objective was to address
the fact that the chemical ceonversion of SO, in the largest urban areas pro-
ceeds at a faster rate than in rural areas. Using an appropriate half-life
value in all modeling exercises is important, particularly for assessing peoint
sources in urban settings and in the process of determining the sizes of pro-
jected growth or population areas to be represented by either neighborhood or
middle~scale stations (see Section 4.3.2). In the former, the contribution
of S0, at the monitoring site due to the source is a function of transit time
(and half-l1ife) as well as distance; in the latter, the concentration gradient
is a function of half-life. In the same section (4.3.2), the 0.5 ug/m3 - km
gradient value is arbitrary; it was considered a realistic thresheld value
separating steep and flat concentration gradients and was chosen via inspec-
tion of S0, concentration maps. Also, in the same section, the extreme con-
centration value span of * 25 percent of the mean concentration over an area,
for determining whether one monitoring site will represent concentrations over
the area, is also arbitrary. However, this value, considered as reasonable
for most purposes as given, could be adjusted to satisfy any purpose at the
discretion of the site selector.

The remaining siting and inlet placement criteria of Table 4-3 (see Page
39) and Table 4-5 (see Page 45) not specifically addressed above are consis-
tent with those found in existing guidelines (e.g., EPA, 1971, 1974&). They
are recommended mainly teo prevent contamination of the instrument from dust
sources on the roof of the site building or to insure a proper exposure to the
open ambient air stream,
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APPENDIX"™

SOURCES OF CLIMATOLOGICAL AND
METEQROLOGICAL INFORMATION

(adapted from Ludwig and Xealoha, 1975)

* 211 references found in this appendix are listed in Section 6.0 (References)
of the main text.



A. SOURCES OF CLIMATOLOGICAL AND METEOROLOGICAL INFORMATION

One of the most helpful publications specifically designed to assist po-
tential users of climatological data is called "Selective Guide to Climatic
Data Sources," Key to Meteorological Records Documentation Number 4.11, pre-
pared by the staff at the National Climatic Center, Ashville, N.C., for sale
by the Government Printing Office, Washington, D.C. 1Its format indicates the
publication(s) in which various climatological categories (temperature, pre-
cipitation, wind, humidity, and so on) may be found. Although this publica-
tion refers primarily to published climatological data, a wealth of unpublished
climatcleogical summaries are also available on special order from the files of
the National Climatic Center., An index to the summaries that can be ordered
is given in the “"Guide to Standard Weather Summaries,"” NAVAIR 50-IC-534, U.S.
Navy, March 1968,

The National Climatic Center makes every effort to obtain a copy of all
meteorological records collected in the United States. These data are avail-
able and can be ordered on microfilm, magnetic tape, hard copies, or as copies
of raw data. The address and phone number are:

™ Director, Naticnal Climatic Center
Federal Building
Ashville, Nerth Carclina 28801
Telephone: (704) 258-2850

The Center answers inguiries and analyzes, evaluates, and interprets data,
Routine letters or telephone inquiries are usually answered without charge;
other services are provided at cost.

The bulk of the data at the Climatic Center are meteorological observa-
tions made at airfields by the National Weather Service, the Federal Aviation
Administration, and the Defense Department. Table A-1 shows an example of the
kind of information to be found on a three-hourly tabulation for one month at
one station. Climatic information is seldom available to the extent that it
will be desired, but ingenuity can often be used to ferret out sources not
generally available from the usual public data repositories.

At the State and regional level, fire stations, highway and transportation
departments, environmental studies groups, air pollution districts, and utility
districts may have continuing meteorological records or special weather studies

available. A call directly to these agencies may result in a data source not
available anywhere else.



TABLE A-l. Example of Meteorological Records Available from the NCC.
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Schools, colleges, industrial complexes (such as oil refineries), agricul-
tural research stations, radio-TV stations, and electrical power plants nay co-
operate with a data.collection program if asked.

The following publications provide important information concerning use-
ful data sources.

1) Air Pollution Control Association (1973-1974): Directory,
Goverrment Air Pollution Agencies, published in cooperation
with the Office of Air Programs, EPA. This directory lists
federal, state, regional, and county agencies conducting air
pollution programs. Names of officials, titles, addresses,
and. telephone numbers are given., Wirte to W,T. Beery, Editor,
Directory Governmental Air Pollution Agencies, Air Pollution
Control Association, 4400 5th Ave,, Pittsburg, Pa. 15213.

2) World Weather Records, Smithsonian Misc. Collections, Vol. 79,
Publication 2913, Assembled and arranged for publication by
H.H. Clayton, published by the Smithsonian Institution, August
1927. This reference book contains monthly and annual means
of pressure, temperature, and totals of rainfall,

A more extensive collection consisting of climatological data for selected
airfields and for the climatic areas in which they are located has been com-
piled by the USAF Enviromnmental Technical Application Center (ETAC), Building
159, Bavy Yard Annex, Washington, D,C. 20333. fThis series is also being pub-
lished by the U.S. Naval Weather Serice, Navy Yard, Washington, D.C. 20390,
under the title, U.S. Naval Weather Service World-Wide Airfield Swmmaries.
Table A-2 lists the available volumes in this series. Volume VIII contains
summaries for the United States, Information requests should be addressed to:

® The National Technical Information Service (NTIS)
Springfield, Virginia 22151.

3) The Climatic Atlas of the United States, 1968, is a comprehen-
sive series of monthly and annual analyses showing the national
distirbution of mean, normal, and/or extreme values of tempera-
ture, precipitation, wind, pressure, relative humidity, dewpoint,
sunshine, sky cover, heating degree days, solar radiation and
evaporation. It was prepared by the Environmental Data Service,
NOAA, U.S5. Department of Commerce, for sale by the Superintendent
of Documents, Washington, D.C.

4) Mixing Heights, Wind Speeds, and Potemtial for Uvban Air Pollu-
tion Throughout the Contiguous United States, by George C.
Holzworth, illustrates seasonal and annual, morning and after=
noon mean mixing heights, wind speeds, and normalized pollutant
concentrations that were exceeded 10, 25, and 50 percent of the
time for specified city sizes, Copies of this report Office of
Rir Programs Pub. No. AP-10l) may be ordered from the Qffice of
Tech. Information & Publs., Off. of Air Programs, EPA, Research
Triangle Park, N.C, 27711.



TABLE A-2
Published Volumes of World-Wide Airfield Summaries

NTIS
Volume Name Accession No|
= e — ——— — ——
I Southeast Asia (revised) AD-706-355
I1 Middle East
Part 1 AD-662-425
Part 2 ‘AD-622-427
ITT Far East AD-662-426
v Canada-Greenland-Iceland AD~662-424
v Australia-Antarctica (including S. Pacific Is.) AD-662-648
VI South America
Part 1 AD~664-828
Part 2 AD-664-829
viIi Central America AD-671-845
VIII United States of America
Part 1. W. Coast, Western Mtns., & Great Basin - AD-688-472
Part 2, Rocky Mins, and Northwest Basin AD-689~792
Part 3. Central Plains AD-693-49)
Part 4. Great Lakes AD-696-971
Part 5, Mississippi Valley AD-699=-917
Part 6. Southeastern Region - AD=-701=-719
Part 7. PFast Coast and Appalachiz.. Region : AD-703-606
Part 8. Alaska and Hawaiji AD-704-607
IX Africa
Part 1. Northern Half AD-682~915
Part 2, Southern Half AD=-682-915
X Europe

Part 1. Scandinavia and Northern Europe
Part 2. ILow Countries and British Isles
Part 3. Alps and Southwest Europe

Part 4. Mediterranean

The National Climatic Center will prepare special data summaries. They
also have standard computer programs available for special summaries. One of
the most useful summaries for air pollution studies is that prepared by the
STAR program, It is a joint frequency distribution of atmospheric stability
and wind speed and direction. The atmospheric stability is calculated objec-
tively from the cloud cover and wind data. This stability algoritlm is based
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on the work of Pasquill (196l). The summaries can be based on any extended
period of record with separate cutputs for the months or seasons, as well as
an annual summary. There are some pollution models that use the output of
STAR program as part of their input regquirements. The National Climatic Cen-
ter has computed these summaries for over 250 weather stations in the United

States. These stations are listed in Table a-3.
TAELE A-3
List of Stations for Which Stability-Wind-Rose
Tables have been Prepared=*
Stacions for which Local Climacologieal Data are issued, as of Janusey 1, 1969
abe Birminghaa CALIFORNIA FLORIDA I0WA
abe Huncaville abe Bakerafield ae Apalachicola abe Burlington
abe Mobile L Bishop abe Daytona Beach abe Des Moines
abe Monegomery bl Blus Canyon abe Fort Myers ac Dubuque
ac Eurcka abe Jacksonville abc Sioux City
ALASKA 4be Fraano abe Key Wesc abc Waterloo
abe  Anchorage abe x;"‘:':h s Lakeland XAK
abe Annetts . : geles abe Miami b SAS
abe Barrow < Arport &be Orlando abc Concordia
abe  Barter laland o= Civie Center abc  Pensacola abc  Dodge City
abc  Bethel e ME. Shazea ab:  Tallshassee abe  Goodland
ab Bettles ::c ?kh“‘ abe Taapa ':c 5“9““
ab Big Delta .b:'-: s:d Bluff abe West Palp Beach abe ichita
abe Cold Bay cramdnto
abc  Pairbanks oy ::""”"5 GEORGIA e LemoNTUCKY
ac Farewell c n Diege abc Athens abc xington
abe Culkanz San Francisco abe Atlanta abe Louisville
abe Homer ::c 3::”“ abc Augusta s
abe 1liamma . Y abe Columbus LOULISIANA
abe Juneau < Santa Maria abe Macon abe Alexandria
abe King Salmon abe Stockton ac Rooe abec Bacon Rouge
abe Kotxebue abe Savannah abe Lake Charles
abe MeGrath abe New Orleans
ab ;h v c HAWAIT abe Shraveport
abe Nome ac Alamosa l:: Hile AT
abe  St. Paul Island abe  Colorado Springs Honoluly
abe Shemya abe Denver abe Kahului l: Caribou
abe [——ye abe Grand Junct Lon abe Lihue abe Portland
abe Talksstna abc Pueblo
ab Tapana AN MARYLAND
abe Unalakleet crICUT abc Boise abe Balcimore
abe Yakutat abe ﬂruggpgrc ac Leviston
abe Hattford abs Pocatello . HMASSACHUSETIS
oatom ’
ABRTZONA
abe Flagaraff * Neu Haven TLLINOIS abe Alrport
abe Phoenix [ Caire ac Bluse HMill Obs.
abe Tucson abe Hlm::i Chicago ahe Nantucket
abe Vinslow abe Nidwvay Airpert abe Worcester
abe  Yuma DISIRICT OF COLUMBIA e Homyiare Atrport
abe Washington
AREANSAS sbe  Peoria MICHIGAN
abe  Fere Saith ::: :“ﬁ"g 2 abc  Alpena
abe  Little Rock pringtield betroit
abe Cicy Alrpert
INDIANA abe Detroit Metro AF
abe Evaneville abe Flint
::: ::’;z Wayne abe  Crand Rapids
abe s t:n;:::‘h abe Houghton Lake
ou abe Lansing
ac Marquette
abe Muskegon
CONTII NUED abe Sault Ste. Marie

* Only those stations having at least the "b" indicated.
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Table A-3. Continued.
MINNE SOTA NEW YORK PENNSYLVANIA UTAH
abe Duluth abe Albany abe Allentown ae Milford
abe International Binghamton abc Erie abe Salt Laks City
Falls abe Airport abe Harrisburg ac Wendover
abe  Min'p'l's-5t. Paul abe  Buffalo abc  Philadelphia
abe lstoch;;:;; Nev York Pittsburgh VERMONT
. ac t. ::: g:xt\tl:;alAE:;l;“ ::c :i:porr. abe Burlingten
. ¥y
abe LaGuardia Field ac Reading
MISSISSIFPL abe Rochester abc Scranton VIRCINIA
abe Jackaon abe Syracuse abc Williamsport ac Lynehbur
abe Meridian abe Norfolk &
: RHODE ISLAND abc  Richmond
NCRTH CAROLINA ae Elock Island abe  Roanok
MISSOURL abe Ashevilile abe Providen oajoke
e a Wall Isl
abe Columbia abe Cape Hatteras ops Island
abe Kansas Cicy abe Charlotte SOUTH CAROLINA
abe st. Joseph abe Greensboro Charleston WASHINGTON
abe st. Louis abe Raleigh abe Alrpert abe Olumpia
abe  Springfleld abe  Wilmington a city abe  Quillayute Airport
. abe Columbia - abe Seattle=Taccoma AP
HOKTANA NORTH DAKOTA abe  Greenville- abc  Spokane
abc Billings abe Bismarck Spartanburg ac Stampede Pase
abc Glasgow abe Fargo ac Walla walla
-:c :reat Falls abe  Willisten SOUTH DAKOTA abe  Yakima
abe avTe abe Aberdeen
abe Helena abe Huron
WEST INDIES
abe lullsp;lil QHIO abe Rapid City abe San Juan, P. R.
€ Miles City abe  Akron-Canton abe  Sioux Falls ac Swan Ialand
abe Missaul2 Cincinnati
ac Abbe Obs
. TENNESSEE
b WEST VIRGIN
NEBRASKA abe Cl:::::;: abc  Bristol abe  Backley =
abe Crand Island abe Columbus abe Chattanooga abe Charleston
ae Lineoln abe Knoxville
abe Dayton ae Elkins
Norfolk Y abe Memphis
ac or £ abe Mansfleld abe Huntington
abc North Platte abe Toledo abe Nashville ac Parkersburg
abe Omaha abe Yeungatown Oak Ridge
abc  Scottsbluff : . Area Stations WISCONSTN
ac Cit
ac Valentine OKLAHOMA y abe  Green Bay
NEVADA abe Oklahoma City abe La Crosse
abe Elko abe Tulsa TEXAS abe Madison
be Abilens abe Milwaukee
abe  Ely y
ab Las Vegas abe Amarillo
lb: llu:m 8 abe A ORECON abe Auatin FYOMING
abe Winnemucca abe !’cori. aue Prownsville e ca'Per
ahe E::::e u:: Corpus Ghrisci -":: i:::d'enne
Dallas al er
NEW HAMPSHIRE ac Meacham abe
abe Concord abe Medford ::: g;. IPE:: h Sheridan
ac Nt . Washingtom ::: ll:and}c ::n abe Port Werth
ortla ac Calveston
abe Salem b
NEW JERSEY abe Rouston
Atlantic City ac Sexton Summic abe Lubboek
abe Alrport ':‘ ;“'d 1":“
a State Marina abe ort Arthur
abc  Newark PACIFIC ISLANDS abc  San Angelo
ac Trenton :: g“:‘ abe Sag Antenio
ol ey e e
NEW MEXICO abe  Vaco
abe  Albuquerque ::: KH‘:;;'I::‘“ abc  Wichita Falla
ac Clayton abe Pago Pago
abe Roswell abe Ponape
abe Truk (Moen)
abc Wake
abc Yap

a. Monthly summary issued.

b, Monthly summary includes 3-hourly cbservations.

€. Annual Surmary {zsyed.
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* All references found in this appendix are listed in Section 6.0 (References)
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B. SUGGESTED APPROACHES FOR.DETERMINING WORST CASE
30, PATTERNS AND ASSOCIATED METEOROLOGY

. This Appendix was prepared to serve as quidance for utilizing short-term
diffusion model simulations in selecting monitoring sites. Such simulations
may be required to determine approximate locations of monitoring sites for
measuring short-term peak concentrations under near worst case conditions.
Part 1 addresses the situation in multi-source urban settings. Part II ad-
dresses isolated point scurce monitoring.

It is strongly recommended that a diffusion meteorclogist be consulted
in developing procedures for specific applications. Presented below are ap-
proaches that address the problem areas; they should not be construed as con-
stituting the only approaches,

B.I MULTI-SOURCE URBAN SETTINGS

This suggested approach utilizes the prcgramming logic incorporated in
the AQDM computer program. What is presented here is not a detailed listing
of a program modification but a description of a suggested modification and
how such a modification, when used in conjunction with wind direction persis-
tence tables, can estimate the approximate locations where the short-term con-
centration peaks should occur. The program modifications themselves could be
accomplished quite easily with the aid of a diffusion meteorologist.

The AQDM utilizes emission rates from a set of pollutant sources and a
joint frequency distribution of wind speed, wind direction, and atmospheric
stability (stability-wind-rose, SWR). The total concentration at a specific
receptor is obtained by utilizing each element of the SWR to calculate the
partial concentration that a source contributes to the receptor and summing
over all sources, There are six wind speed classes each representing a wind
speed range, five stability classes, and sixteen wind directions for a total
of 480 elements or "cells" that comprise the SWR. However, normally only
about one-half of the cells are "filled" and only those that establish the
source as being upwind of a receptor are utilized. )

Utilizing the winter quarter SWR (Dec~Jan-Feb) and making appropriate
changes in "print" or "write" statements, it would be possible to print 480
(or a number equal to the number of filled cells) maps of pollutant concentra-
tions, one map for each combination of wind speed range, wind direction, and
stability class., All 480 maps could be stored on tape and only those five or
$0 maps having the highest concentration peaks at any receptor need be printed
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out and analyzed. It is recommended that the SWR be "normalized" by changing
the indicated frequency of occurrence of each meteorological cembination (cell)
to a constant value for all cells. This value counld be "1" or the inverse of
the number of cells filled, etc. The purpose of this procedure is to elimin-
ate the bias due to relative frequencies of occurrence, For example, a high
frequency of occurrence'of a given combination could actually be composed of
many short periods, no individual period being characterized by a high concen-
tration; on the cther hand, a low frequency of occurrence may consist of a sin~
gle long period of persistent wind direction resulting in a high concentration
peak. Therefore, the use of normalized meteorology along with wind direction
persistence information will more likely reveal the location of the peak con-
centrations. Another important point is that the distribution of sources,
source strengths and emission heights in combination with a unique meteoro-
logical condition results in the highest ground-level concentrations (the near
worst case meteorological conditiom).

The persistence of the wind direction over the worst case condition de-
termines the averaging time of the peak. Three basic time periods are recom-
mended to be considered. For the three-hour peak analyses, the daytime period
from 1000 to 1900 LST and the nighttime period (2000~0900LST) should bhe con-
sidered separately. For the 24-hour peak analysis, consider the 24-hour period
0000 to 2400 LST.

Wind direction persistence tables for the weather station of interest for
aach of the three basic time periods may be requested from the National Clima-
tic Center or generated by a computer program using LCD data (wind).. 2 sug-
gested format is shown in Table B-l, or graphically, in Figure B-l. .Since ob-
servations are taken at 3~hour intervals, two consecutive observations having
the same wind direction would constitute a 3-hour persistence case; three con-
secutive cbservations, a 6-hour case; etc,

TABLE B-1

Tabulated Persistence Data for NW Wind Situation
(192 obs/yr, 7% of total wind obs)

Persistence (hours)
NW Wind
3 6 i} 12 15 18 21 24
Frequency (#) 40 12 7 5 4 3 2 1
Frequency (%) 21 6 4 3 3 2 1 ‘1
(192 base) _
= 1 .
Median® Speed lé 1 9 12
Modal? Speed 17 ) 11 10
(%) (50) (30) (60) (25)

1

Wind speed that divides sample in half.

2 Most freguently occurring wind speed.
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"FIGURE B-l. Graphical presentation of persistence data, NW wind case from
Table B~l. Graphs may be prepared by season, day/night, etc.

B.II ISOLATED PQINT SQURCE MONITORING

This approcach also utilizes standard Gaussian diffusion concepts. It is
assumed that the reader is familiar with the various kinds of graphical solu-
tions to the Gaussian point source diffusion equation such as that shown in
Figure B-2, In any case, "Turner's Workbook" (Turner, 1974) contains most of

the support information and should be consulted (also, see Appendix E, Sec.E.3).
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The approach presented here is generally applicable to terrain settings
ranging from flat to moderately rough anpd irregular. Its application to rough
and irregular terrain can be accomplished by substituting appropriate diffu-
sion coefficients, such as those presented by Bowne (1973) for those valid
only for flat terrain in the Gaussian point source equation. In this manner,
graphical solutions can be prepared for various terrain settings. Suggested
approaches for dealing with the 3-hour and 24-hour averaging times are given
below.

B.ITI.1 Three-Hour Peak Concentrations, Their Locations, and Associated

Meteorologz

The critical wind speeds for each stability <¢lass (A, B, and C) are first
determined; these winds produce the highest ground-level concentrations down-
wind of the plant. The wind directions associated with the critical wind
speeds (see Table B-2 for example) establish the downwind azimuths along which
candidate siting areas are established. Graphical solutions to the Gaussian
equation in a form similar to Figure B-2 is used to determine their approxi-
mate distances downwind. Next, a decision has to be made regarding selecting
the final site or sites. Since stability Class A will usually be associated
with the highest peak but may not have the highest frequency of occurrence,
two sites may be appropriate:

a) one site associated with the most unstable stability class
to measure the highest peak;

b) +the other site associated with a high peak that occurs very
cften (see Table B-2, second column).

The meteorology associated with each of the above situations is the worst case

meteorological condition for those situations.

B.ITI.2 Twentyfour-Hour Peak Concentrations, Their Locatjions, and Associated

Meteorologz

The situation associated with the 24-hour average impact is somewhat dif-
ferent than that associated with the 3-hour impact. The plant will probably
not be operating at its peak production rate for 24 hours and the atmospheric
stabilities may involve the full range of classes.

The following procedure is recommended:

e Determine the critical wind speed for stability class D (repre-
sents 24-hour average stability); in the calculalation of ef-
fective stack height, stack parameters should reflect the
average daily emission rate. Fram wind persistence tables
(e.g., Pigure B-l) representative of the area of interest,
ascertain the most persistent wind directions (e.g., the five
or so of longest duration, The median and modal speeds asso-
ciated with the directions are then noted. These speeds can
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TABLE B-2*

Illustration of Use of Stability-Wind-Rose for Determining Site lLocations
Monitoring Isolated Point Sources
[Assume a critical wind speed of 2 knots; NNE direction from source: azimuth
for monitoring the highest peak concentration; NE direction from source: az-
imuth associated with frequently occurring high peaks. Use Fig. B-2 for de-
termining downwind distances. Verify via mobile sampling. ]

! Frequency Distribution
, . ] ' Speed (knots)
Direction i Y Average
1-3 4-6 7-10 | 11-16 | 17-21 | >21 | Speed | Total
N 19 35 15 0 0 0 5.0 69
NNE 15 29 8 0 0 0 5.0 52
NE 6 11 3 o} 0 0 4.8 21
ENE 2 9 4 0 0 0 5.6 15
E 7 10 4 0 0 0 4.8 21
ESE 2 6 3 0 0 0 5.2 11
SE 9 4 1 0 0 0 3.6 14
SSE 2 3 0 0 0 0 4.0 5
s 16 14 4 0 0 0 4.2 34
SSW ——= 34 22 0 0 0 4.9 85
SW — 22 13 0 0 0 4.8 76
WSW 15 13 7 0 0 0 4.6 35
W 12 22 5 0 0] 0 4.7 39
WNW 15 iB 13 0 0 0 5.1 46
NwW 4 18 15 0 0 0 5.9 37
NNW 7 12 6 0 0 0] . 4.8 25
Average 2.6 5.2 7.3 0 0 0 3.5
Total 182 250 123 0 0 0
Number of Occurrences of A Stability = 805
Number of Calms with A Stability = 221

* Station = 14703 Chicopee Falls, Mass 60-64 240B (adapted from NCC printout).

be used to characterize each persistence period; the modal speed should be used
if it occurs about one~third of the time or more--otherwise the median speed
may be more representative. Next, a judgemental decision must be made regard-
ing the selection of the probable direction associated with the highest conc¢en-
tration. For this purpose, it can be assumed that the maximum. concentrations
are associated with the longest persistence periods with characteristic speaeds
nearest the critical wind speed. Therefore, if there are several persistence
periods exceeding 24 hours in duration, the direction whose characteristics
speed is closest to the critical wind speed may be deemed the worst case con-
dition. Otherwise, the most persistent direction, regardless of its character-
istic wind speed, will best represent such conditions, Graphical solutions to
the Gaussian eguation similar to Figure B-2 may be used to determine the re-
quired distance downwind to the siting area.
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APPENDIX *

MOBILE SAMPLING

* BAll references found in this appendix are listed in Section 6.0 (References)

of the main text,
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